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INTRODUCTION 

In  1896,  the  legislature  appropriated  $5000  to  bd  used  by  the 
regents  of  the  University  for  increasing  the  state  collection  illus- 
trating New  York  aboriginal  life,  and  for  preserving  such  facts  as 
might  seem  to  them  of  mpst  value.  Most  of  this  appropriation  has 
been  judiciously  used  by  A.  G.  Richmond,  esq.,  honorary  curator 
of  this  department  of  the  state  museum,  in  securing  several  collec- 
tions of  great  value.  It  was  also  thought  advisable  to  issue  some 
bulletins  of  a  popular  nature,  illustrating  the  antiquities  of  New 
York,  especially  the  implements  and  ornaments  of  the  aborigines. 
In  furtherance  of  this  plan  the  Rev.  W:  M.  Beauchamp,  S.  T.  D., 
of  Baldwinsville,  N.  Y.,  was  consulted  and  his  aid  secured.  He  had 
been  engaged  for  a  quarter  of  a  century  in  this  study,  and  had 
accumulated  a  vast  amount  of  available  material.  His  su^estion 
was  that  such  work  might  be  distributed  under  suitable  heads,  each 
subject  complete  in  itself,  but  forming  a  series  if  desired.  The  first 
would  be  that  of  the  chipped  stone  implements  of  New  York,  and 
a  paper  on  this  is  subjoined.  A  second  would  be  on  those  polished 
articles  of  stone,  in  which  New  York  is  so  ricJi;  the  paper  on  this  is 
nearly  completed,  and  will  be  an  important  contribution  to  science. 
Others  might  treat  on  the  articles  of  clay,  bone,  horn,  shell  and 
metal,  so  abundantly  found  in  the  state. 

It  was  thought  that,  in  this  way,  not  only  would  clearer  informa- 
tion be  afforded,  but  that  the  state  museum  would  be  the  gainer,  by 
valuable  contributions  of  many  things  altc^ether  uncared  for  now. 
Such  has  been  the  result  elsewhere,  and  the  local  pride  of  our 
citizens  may  confidently  be  relied  upon  to  make  the  state  collection 
one  unsurpassed.  The  illustrations  are  selections  from  the  thousands 
of  drawings  which  Dr  Beauchamp  has  made,  and  show  both  rare 
and  common  forms. 

For  this  valuable  bulletin  the  state  is  indebted  solely  to  Dr  Beau- 
champ  to  whom  its  publication  has  been  wholly  entrusted.  For  the 
admirable  work  done  in  increasing  the  archeological  collection,  the 
state  is  indebted  to  our  honorary  curator,  A.  G.  Richmond,  presi- 
dent of  the  Canajoharie  national  bank,  who  has  for  years  given  his 
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active  and  extremely  valuable  expert  service  to  the  increasing-  <A 
our  collections  without  a  dollar  of  compensation  from  the  state.  It 
is  a  pleasure  to  recognize  in  this  public  way  a  service  so  satisfactory 
in  its  result  and  so  unusual  in  being  rendered  to  the  state  without 
salary. 

It  is  hoped  that  Dr  Beauchamp  may  from  the  results  of  his  work 
for  the  past  25  years  give  us  a  series  of  bulletins  which  will  make 
his  stores  of  special  knowledge  available  to  every  student  of  the 
subject. 

Melvil  Dewey 

Secretary  of  the  UniversUy 
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ABORIGINAL  CHIPPED  STONE  IMPLEMENTS  OF 
NEW  YORK 

ABCHEOI^QICAI.  WOBK  IN  NBW  YOBK 

While  much  has  been  done  by  the  state  of  New  York  in  the  pres- 
ervation and  dissemination  of  documents  relating  to  early  days,  little 
until  now  has  been  accpmplished  in  collecting  and  arranging  those 
still  earlier  records,  found  so  largely  in  stone,  which  reveal  much 
unwritten  history.  All  early  writers  describe  a.  condition  of  things 
evidently  not  representative  of  periods  which  were  then  already  days 
of  old.  Implements  and  ornaments  had  changed,  arts  and  history 
had  been  forgotten,  a  new  race  had  displaced  the  old,  as  we  have 
taken  its  place  in  turn.  We  can  only  know  what  that  history  and 
those  arts  were,  by  seeking  their  surviving  memorials  in  the  soil. 

The  state,  however,  has  done  valuable  service  in  embodyii^  so 
much  relating  to  what  is  called  Indian  history,  in  many  of  its  publica- 
tions. Crude  as  was  Mr  Schoolcraft's  Report  on  the  Iroquois,  made 
in  1845,  it  was  a  boon  to  the  public,  and  preserved  or  suggested  much 
valuable  matter.  This  was  notably  the  case  with  the  several  Iroquois 
dialects,  afterwards  much  enlarged  by  him.  The  Documentary  history 
and  the  New  York  colonial  documents  made  other  interesting  matter 
accessible.  The  Report  on  the  indian  problem,  in  1889,  wisely  placed 
the  Iroquois  treaties  before  the  public,  although  it  was  great  mis- 
fortune that  the  signatures  to  these  were  not  submitted  to  an  expert 
in  indian  names.    It  would  have  saved  a  host  of  needless  errors. 

The  work  of  the  regents  in  the  same  direction  has  been  good  as 
far  as  it  has  gone.  The  annual  reports  which  contain  the  papers  of 
L  H.  Morgan  on  recent  Iroquois  implements  and  ornaments,  are 
yet  among  the  most  popular  and  best  preserved.  Part  of  these  were 
afterwards  embodied  in  his  valuable  League  of  the  Iroquois,  and  were 
first  produced  nearly  half  a  century  since.  The  publication  of  Father 
Bruyas'  Mohawk  lexicon,  written  two  centuries  ago,  was  one  of  the 
earliest  attempts  to  bring  a  New  York  indian  language  before  the 
public,  when  systematically  arranged.  It  has  since  been  fully  trans- 
lated. The  publication  of  the  explorations  and  plans  of  Messrs 
Hough  and  Cheney,  in  the  northern  and  western  parts  of  New  York 
gave  prominence  to  the  interesting  earthworks  in  both  sections, 
with  occasional  notes  from  others.  , 
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In  connection  with  Mr  Morgan's  literary  work  he  made  an  inter- 
esting; collection  of  modem  Iroquois  articles  for  the  state  museum, 
and  this  has  been  partially  supplemented  by  that  made  for  the 
World's  fair  at  Chicago,  by  the  Rev.,  J.  A.  Sanborn.  These  might 
be  enlarged.  Occasional  stone  and  other  relics  have  come  into  the 
state  collection  by  donation,  but  no  systematic  or  sustained  work 
has  been  done  until  that  now  begun.  Individuals  have  not  been 
idle  in  making  up  their  own  cabinets,  sometimes  soon  dispersed, 
sometimes  remaining,  but  often  far  surpassing  anything  belonging 
to  the  state.  Notable  among  these  are  the  collections  of  O.  M. 
Bigelow,  in  Baldwinsville,  illustrating  Onondaga  and  neighboring 
counties;  that  of  J,  S,  Twining,  Copenhagen,  pertaining  to  Jefferson 
county,  now  in  the  possession  of  the  state;  and  those  of  S.  L.  Frey, 
Palatine  Bridge,  and  A.  G.  Richmond,  Canajoharie,  so  rich  in  the 
relics  of  Montgomery  county  and  vicinity.  Many  smaller  collections 
of  interest  might  be  mentioned. 

The  early  Dutch  writers  are  now  available  in  many  ways,  and  the 
various  historical  societies  have  added  much  to  our  knowledge  of 
the  aborigines.  The  Pennsylvania  archives  and  colonial  records 
contain  much  relating  to  those  of  this  state,  and  other  valuable 
material  will  be  found  outside  of  our  limits.  The  recently  discovered 
journal  of  Arent  Van  Curler  (Corlaer)  is  a  treasure  indeed.  The 
Jesuit  relations  have  been  diligently  culled  and  annotated,  and  large 
portions  relating  to  New  York  are  now  within  easy  reach.  Valuable 
notes  on  local  antiquities  may  be  found  in  such  works  as  Bolton's 
History  of  Westchester,  Hough's  Histories  of  Jefferson  and  St  Law- 
rence coimties,  Doty's  History  of  Livingston  county.  Young's  History 
of  Chautauqua,  the  Onondaga  centennial,  Clark's  Onondaga,  and  many 
other  local  histories.  Some  are  carefully  prepared,  forming  a  good 
working  foundation. 

The  work  done  by  Mr  Squier  as  yet  stands  alone  as  a  general 
account  of  the  antiquities  of  New  York  now  accessible  to  the  public. 
Dr  Frederick  Larkin  piibhshed  a  little  work  in  1880,  entitled  Ancient 
man  in  America,  which  is  a  careful  treatise  on  the  antiquities  of  the 
western  part  of  the  state.  The  Rev.  W.  M.  Eeauclianip  prepared  a 
map  for  the  U.  S.  Bureau  of  ethnology,  some  years  since,  with  de- 
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scriptive  notes  of  the  Iroquois  portion  of  the  state,  much  of  it  from 
petsotial  field  work.  This  has  since  been  enriched,  and  now  contains 
all  the  reported  Indian  sites  of  New  York,  large  and  small.  It  is 
very  suggestive  in  many  ways.  The  Bureau  of  ethnology  has  done 
much  here,  although  its  larger  fields  in  the  west  compel  it  to  leave 
many  things  to  local  efforts.  , 

Philology  has  had  its  students.  The  issuing  of  Father  Bruyas' 
valuable  Mohawk  lexicon  marked  an  era  in  this  respect,  and  Mr  J.  G. 
Shea  has  made  valuable  contributions  from  early  French  publications 
since  that  time.  Messrs  L.  H,  Morgan  and  O.  II.  Marshall  did 
excellent  work  on  the  Indian  names  in  the  western  and  some  other 
parts  of  the  state.  Mr  W.  W.  Tooker  in  the  eastern,  and  the  Rev, 
Dr  Beauchamp  in  the  central  part  of  New  York  have  done  much  in 
the  same  line.  Prof.  Horsford  published  Zeisberger's  Onondaga 
and  Delaware  dictionary  in  1887,  but  his  journal  of  his  residence  at 
Onondaga  still  sleeps  in  the  old  manuscript  at  Bethlehem.  The  late 
Horatio  Hale's  Iroquois  book  of  rites  is  an  invaluable  contribution 
to  our  knowledge  of  Iroquois  songs  and  ceremonies.  Prof.  Lyman, 
of  Syracuse,  has  recently  taken  down  a  large  collection  of  indian 
songs,  with  the  accompanying  music,  and  the  Bureau  of  ethnology 
is  steadily  at  work  on  the  Iroquois  dialects.  Others  might  be 
mentioned. 

Colden  preserved  much  in  his  history  of  the  Five  Nations,  and 
the  quaint  and  marvelous  history  written  by  David  Cusick,  the  Tus- 
carora,  has  passed  through  many  editions.  It  has  recently  been 
republished,  with  ample  notes.  Morgan's  League  of  the  Iroquois  is 
a  standard  work,  but  has  little  to  do  with  prehistoric,  or  even  early 
historic  times. 

ABORIOINAI.    OOCDPATIOIT 

The  aboriginal  occupation  of  New  York  was  of  a  varied  character 
and  for  a  long  time  after  it  was  first  visited  by  man,  almost  its  whole 
extent  was  but  a  temporary  resort  for  hunters  and  fishermen.  Rivers 
were  the  first  places  to  attract  men,  and  rifts  on  these  were  the 
favorite  spots  for  camps.  Good  fishing  and  fording  were  important 
considerations  and  determined  the  routes  of  travelers  and  the  location 
of  many  hamlets.  The  mere  abundance  of  fish  and  game  drew  roving 
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men  to  some  places,  and  the  small  supply  of  the  former  was  a  suffi- 
cient reason  why  the  Mohawk  valley  was  so  little  visited  until  a 
recent  day.  For  a  similar  reason  deep  lakes  were  little  frequented 
here,  unless  at  the  shallow  waters  near  their  outlets.  The  aborigines 
of  New  York  seldom  used  the  hook  and  line  until  after  European 
contact,  and  the  harpoon,  arrow,  stone  fish  weir  and  net  were  useful 
only  where  the  water  was  of  no  great  depth.  Large  lakes,  too,  were 
often  perilous  places  for  canoes,  while  on  most  rivers  they  could 
be  employed  at  any  time.  Accordingly  early  relics  and  camps  are 
most  frequent  near  large  streams  and  small  lakes.  Where  a  river 
was  as  large  as  the  Hudson  in  its  lower  course,  camps  would  be 
expectedonly  near  the  mouths  of  its  tributaries,  or  in  sheltered  spots; 
near  the  sea  they  would  also  occur  on  shallow  bays.  In  the  one  case 
the  burnt  earth  and  frequent  relics,  in  the  other  the  great  shell  heaps 
attest  the  presence  of  early  man. 

Many  of  the  finest  articles,  however,  have  been  discovered  near 
the  old  trails,  or  in  tow  grounds.  If  lost  on  a  village  site  in  peaceful 
times,  they  would  have  been  sought  and  found  with  comparative 
ease.  On  the  road,  time  could  not  always  be  allowed  for  this,  and 
weeds,  brambles  and  mire  might  have  rendered  all  search  useless. 

These  visitors  came  from  many  directions,  and  with  differing 
habits,  as  relics  plainly  show;  but  having  once  been  here,  there  were 
soon  favorite  places  of  resort.  In  process  of  time  small  hamlets  were 
formed,  often  but  the  renewal  of  fishing  camps  from  year  to  year. 
The  old  lodges  would  be  repaired  or  rebuilt  on  the  same  spots,  used 
in  the  summer  and  abandoned  in  the  winter.  This  was  the  Iroquois 
practice  in  the  seventeenth  century,  and  in  Canada  the  wandering 
tribes  had  a  succession  of  camping  places,  to  which  they  periodically 
resorted.  Some  northern  tribes  were  thus  winter  visitors  in  New 
York.  Nearer  the  sea,  many  indian  tribes  as  steadily  vibrated  be- 
tween the  shore  and  the  interior  as  some  of  our  people  do  now.  The 
new  is  ever  the  old. 

When  the  Iroquois  came  into  New  York  they  brought  a  change. 
They  hunted  and  fished,  but  they  were  also  growers  of  corn,  pump- 
kins and  beans.  Although  they  camped  on  the  rivers,  their  towns 
and  forts  were  almost  always  at  some  distance  from  them.    It  might 
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be  but  a  few  rods,  but  often  it  was  many  miles.  They  wished  not 
only  strong  positions,  but  situations  where  canoes  could  not  reach 
them.  This  was  always  the  case  in  warKke  times,  and  the  position 
of  the  town  will  often  show  confidence  or  fear.  Their  permanent 
homes  also  depended  to  some  extent  upon  the  soil,  being  a  corn 
raising  people;  and  in  fact  nearly  all  camps  of  others  as  well  were 
placed  on  a  light,  and  not  a  heavy  soil.  Very  rarely  indeed  did  other 
considerations  outweigh  this.  Iroquois  villages  are  thus  not  to  be 
expected  in  regions  characterized  by  primitive  rocks;  a  glance  at  a 
map  showing  the  indian  sites  of  New  York  and  Canada,  will  make 
apparent  how  much  their  location  was  affected  by  geological  con- 
ditions. 

The  Algonquin  tribes  built  palisaded  forts  in  the  eastern  part  of 
New  York,  somewhat  like  those  of  the  Iroquois,  and  their  long 
houses  are  reported  to  have  been  even  longer  than  those  of  the  latter. 
Earthworks  here,  however,  were  nearly  all  defenses  of  the  Iroquoian 
family,  and  yield  abundant  earthenware.  Some  of  these  are  quite 
recent,  and  in  these  are  observed  suggestions  of  a  knowledge  of 
European  articles,  soon  followed  by  the  articles  themselves.  These 
later  sites,  usually  simple  stockades,  have  often  done  a  work  similar 
to  that  of  the  Rosetta  stone,  but  in  another  way.  Knowing  their 
age,  and  finding  aboriginal  relics  on  them  of  peculiar  kinds,  w«  are 
able  to  give  the  approximate  age  of  similar  articles  elsewhere.  In 
this  will  be  found  one  great  advantage  of  studying  some  New  York 
sites,  an  advantage  not  confined  in  its  results  to  our  own  borders. 

One  important  question  relates  to  the  Eskimo.  It  will  appear 
that  some  articles  now  used  only  by  them  are  frequent  in  the  northern 
part  of  New  York,  along  with  others  which  suggest  their  occasional 
presence.  It  is  well  known,  also,  that  they  once  lived  much  farther 
south  than  now,  and  it  may  yet  appear  that  they  were  sometimes 
visitors  here.  Rash  conclusions  are  to  be  avoided,  but  so  much  is 
known  as  to  call  for  further  light. 

It  is  to  be  deplored  that  such  quantities  of  our  finest  relics  are 
forever  lost  to  the  state,  but  this  is  a  lament  in  which  every  part  of  our 
land  shares.  Enough  remains  to  give  us  some  idea  of  the  arts  — 
perhaps  of  the  habits  and  history — of  our  predecessors.  Although  so 
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many  forts  and  sites  have  also  been  obliterated,  quite  a  goodly  num- 
ber have  been  located  and  described,  and  with  a  moderate  farther 
research  it  is  possible  to  tell  a  great  deal  of  the  occupation  of  New 
York  in  historic  and  prehistoric  times. 

The  articles  left  by  the  aborigines  here  have  a  wide  range  in  nature 
and  origin.  In  a  broad  way  they  may  be  classed  as  flaked  or  chipped 
forms  of  stone,  those  of  clay,  those  of  shell,  horn  or  bone,  those  of 
metal,  glass  and  wood;  and  most  Interesting  of  all,  those  of  picked 
or  polished  stone.  This  is  a  simple  matter  of  convenience,  for  many 
things  in  all  these  have  other  relations.  Fine  and  beautifully  wrought 
articles  may  precede  those  which  are  rude,  or  they  may  have  coex- 
isted in  the  same  camp  or  town.  Horn  and  bone  were  often  used 
with  stone.  Metallic  articles  were  of  a  remote  date,  as  well  as  recent. 
Wood  was  used  in  every  period. 

While  many  rude  implements  closely  resemble  those  called  paleo- 
lithic, these  are  usually  surface  finds  here,  pointing  to  no  remote 
antiquity.  In  fact  quite  deep  burial  often  proves  no  test  of  age, 
owing  to  some  well  known  customs  as  well  as  natural  agencies. 
Some  implements  made  of  argillite,  and  much  changed  by  weathering 
or  contact  with  the  soil,  although  surface  finds,  are  precisely  like 
those  occurring  in  the  higher  deposits  at  Trenton,  N.  J.  Thus  far 
none  of  the  ruder  articles  have  been  reported  at  any  great  depth 
here,  though  this  is  but  negative  testimony,  which  farther  research 
may  change.  Up  to  the  present  time  polished  stone  implements  have 
been  reported  here  deepest  of  all.  How  reliable  the  reports  are  it  is 
difficult  to  say. 

Caches  of  flint  are  frequent,  commonly  composed  of  broadly 
chipped  stones,  rather  more  triangular  than  leaf-shaped  in  form, 
and*  nearly  alike  in  size,  although  this  is  not  always  the  case.  In  . 
general  they  are  supposed  to  be  those  from  which  others  were  to 
be  made,  having  been  deposited  cither  for  security  or  to  preserve 
the  temper  of  the  flint.  Although  not  strictly  correct,  this  word  will 
be  used  for  a  common  material.  Many  of  these  simple  articles  were 
not  farther  elaborated,  but  at  once  came  into  use.  Others  may  have 
been  changed  into  other  forms,  but  this  is  little  more  than  theory. 
Their  uniformity  in  size,  and  their  burial  in  quantities  give  plausi- 
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bility  to  it,  and  it  may  well  be  allowed  that  they  were  brought  from 
a  distance  for  purposes  of  trade,  or  further  development.  Quantities 
of  material  came  here  in  a  still  ruder  form,  which  have  not  been  found 
in  caches,  and  among  these  were  some  of  the  choicer  kinds.  There 
are  abundant  flint  flakes  in  places  where  they  could  only  have  come 
through  the  agency  of  man,  and  these  indicate  the  arrow  maker's 
temporary  home. 

The  aborigines  made  but  moderate  use  of  the  local  hornstone,  so 
plentiful  in  the  comiferous  limestone  of  New  York,  though  it  is  often 
recognizable  in  the  ruder  articles  to  which  it  is  adapted.  At  Black 
Rock  in  Buffalo,  and  across  the  river  In  Canada,  one  can  easily  see 
where  blocks  of  hornstone  were  detached  and  used.  Occasionally 
something  of  the  kind  will  be  seen  elsewhere,  but  most  of  the  material 
for  the  finer  arrows,  knives  and  spears  came  from  without  the  state. 
Among  these  implements  occur  jaspers  of  every  hue,  white  -quartz, 
chalcedony,  argillite,  schist  and  sandstone,  as  well  as  the  finer  flints 
of  bluish  or  brownish  grey;  yellow  jasper  was  a  favorite  material, 
specially  for  large  implements,  and  it  is  comparatively  frequent  in 
caches.    It  was  probably  derived  from  a  neighboring  state. 

In  a  very  broad  way  it  is  well  known  that  the  prevailing  materials 
used  in  any  region  have  a  somewhat  local  character.  Through  Ohio 
and  much  of  New  York,  the  grey  or  drab  cherts  from  the  hmestone 
are  prevalent,  with  a  projection  of  this  material  far  southward.  In 
the  southern  Atlantic  states  a  brownish  quartzite  or  coarse  sandstone 
appears,  with  finer  materials  in  the  mountains.  Along  the  Hudson 
and  in  New  England  white  quartz  was  largely  used;  and  in  the 
northern  states  of  the  Mississippi  valley  an  opaque  white  or  pinkish 
flint  was  the  rule.  A  characteristic  dark  hornstone  also  appears  there 
in  immense  caches  in  some  places.  The  beautiful  arrows  and  other 
small  implements  of  the  Rocky  mountains  and  the  Pacific  slope  are 
also  well  known,  and  in  other  quarters  yellow  jasper  is  common. 
An  experienced  archeologist  may  thus  often  feel  sure  of  the  general 
origin  of  an  article,  without  knowing  precisely  where  it  was  found. 
That  is  a  question  of  trade  or  migration. 

^laterial  is  often  a  better  guide  in  determining  ultimate  origin 
than  form.    The  drills  and  scrapers  of  the  east  are  often  matched  by 
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those  of  the  west.  A  few  New  York  arrows  rival  those  of  Oregon 
in  size,  though  not  in  delicacy.  When  the  stone  used  is  considered 
the  difference  is  more  obvious.  Form  and  material  may  both  aid  in 
determining  what  people  visited  New  York  in  early  days.  In  a 
representative  and  ample  collection  from  this  state,  where  the  locality 
of  the  specimen  is  clearly  and  correctly  recorded,  as  it  always  should 
be,  later  critical  study  of  this  kind  may  establish  facts  now  unknown, 
regarding  early  migration  and  trade. 

Celts,  gouges  and  pestles  were  often  made  of  local  pebbles,  but 
those  of  basalt  and  striped  slate  may  show  a  different  origin.  Gor- 
gets, tubes,  ceremonial  stone?  and  amulets  often  do  the  same.  Native 
copper  implements  of  course  corae  from  afar,  and  sheets  of  mica  do 
not  naturally  occur  here.  Steatite,  as  fragments  of  vessels,  is  also 
found  abundantly,  hundreds  of  miles  from  any  quarry,  and  other 
like  things  will  appear  in  due  time. 

All  flint  implements  are  not  arrows  or  spears,  however  much  they 
may  resemble  them  at  first  sight,  and  thus  a  lack  of  observation  and 
distinction  has  led  to  errors.  It  is  not  long  since  Sir  John  Lubbock 
said  that  there  were  no  scrapers  here,  whereas  many  forms  are  abun- 
dant in  New  York  alone,  some  of  them  precisely  like  those  used  by 
the  Eskimo  now.  They  simply  had  not  been  observed  or  reported. 
A  very  large  proportion  of  implements  termed  arrows  or  spears  are 
really  knives.  They  never  could  have  been  shot  or  thrown  with 
precision,  they  are  so  bent  or  one-sided.  Many  drills  have  also  been 
called  arrows;  and  in  fact  articles  often  grade  into  each  other,  or 
unite  characteristic  features.  Drill,  knife  and  scraper  may  appear 
in  one  implement,  and  a  writer  in  early  days  said  of  western  arrow 
points, '  if  no  knife  is  at  hand,  they  use  them  also  to  skin  the  animals 
they  have  killed.'    They  would  answer  well. 

While  there  are  many  gradations,  or  variations  of  form,  in  the 
flint  implements  found  in  New  York,  few  typical  examples  have 
been  found  or  described  which  are  without  representatives  here, 
unless  it  be  in  some  massive  forms.  Farther  observation  may  supply 
these,  and  perhaps  even  others.  On  the  other  hand,  some  notable 
types  appear  here  as  yet  undescribed.  These  should  have  due 
protninence. 
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In  chipped  or  flaked  implements  the  simplest  form  was  that  of  the 
knife,  which  mi^ht  sometimes  be  used  for  a  spear,  but  not  often  for 
an  arrow-head,  unless  of  unusual  symmetry.  Many  simple  flakes 
were  employed  for  this,  the  edge  being  sharply  and  neatly  chipped. 
Some  of  these  inconspicuous  flakes  show  better  workmanship  in 
these  edges  than  large  and  symmetrical  implements,  but  they  seem 
to  have  served  only  a  temporary  purpose.  A  knife  was  wanted;  a 
flake  was  picked  up,  to  which  in  a  few  moments  an  edge  was  given; 
it  was  used  and  thrown  away.  So  that  it  was  sharp,  little  more  was 
required  for  mere  use,  but  in  many  cases  knives  were  both  large  and 
beautiful.  As  has  been  said,  in  an  emergency  almost  any  article 
might  serve  as  a  knife,  but  there  are  many  special  forms.  When  the 
surface  was  bent,  as  was  often  the  case,  knives  were  probably  used 
also  as  scrapers,  without  having  the  distinct  scraper  edge.  Some 
agree  with  L-oskiel's  description,  who  says, '  their  knives  were  made 
in  a  long  triangular  shape,  the  long  sides  being  sharpened.' 

ARROW    MAKING 

In  an  excellent  article  on  the  stone  art  of  the  Mississippi  valley, 
(13th  Annual  report  of  the  bureau  of  etktwlogy,  p.  139-42)  Mr  Gerard 
Fowke  gives  an  extended  account  of  arrow  making,  as  practised  in 
different  places.  Without  going  into  full  detail,  it  may  be  well  to 
say  here  that  chipping  was  usually  done  by  pressure  or  percussion. 
In  almost  all  cases,  a  piece  of  horn  or  bone,  slightly  notched,  was 
used  as  a  flaker.  The  process  has  been  observed  by  many,  for  it  is 
not  an  extinct  art,  although  steel  is  now  often  substituted  for  horn 
or  bone,  and  glass  for  stone.  Any  stone  which  will  admit  of  a  con- 
choidal  fracture,  and  some  which  will  not,  may  be  used;  for  large 
implements,  and  even  for  small,  a  siliceous  limestone  or  even  sand- 
stone was  often  employed.  Quartz  was  used,  but  some  varieties 
were  not  adapted  for  delicate  work,  while  for  large  implements  it 
was  a  showy  material. 

Usually  the  stone  is  held  in  one  hand,  or  placed  on  wood,  buck- 
skin, a  blanket,  or  other  yielding  substance.  More  rarely  it  is  held 
against  a  stone  anvil,  and  chipped  with  a  stone  hammer.  Simple 
pressiu'e  suffices  in  most  cases,  the  bone  flaker  being  set  against  the 
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proper  points,  and  small  pieces  being  chipped  off  by  pressing  it  in 
different  directions.  Some  hold  the  stone  in  the  hand,  setting  the  tool 
at  different  points  and  angles,  while  an  assistant  gently  strikes  it. 
Pincers  are  sometimes  used,  and  the  Klamath  Indians  hold  the 
wooden  handle  of  the  flaker  under  the  arm,  pressing  the  stone  against 
the  point.  A  long  i5at  tool,  found  in  Great  Britain,  was  thought  a 
flaking  implement  by  Mr  Evans,  but  the  same  stone  article  is  here 
either  a  scraper  or  knife. 

The  time  required  in  arrow  making  differs  according  to  the  size 
or  delicacy  of  the  article  to  be  made.  In  his  account  of  the  indians 
of  Virginia,  in  1607,  Capt.  John  Smith  said,  '  His  arrow-head  he 
maketh  quickly,  with  a  little  bone,  of  any  splinter  of  stone  or  glass.' 
Evans  said  that  the  Mexicans  could  turn  out  a  hundred  obsidian 
knives  in  an  hour,  but  these  were  probably  only  long  and  sharp 
flakes,  often  made  at  a  single  stroke.  Crook,  however,  states  that  the 
Indians  of  the  plains  will  make  from  fifty  to  a  hundred  arrows  in  an 
hour,  with  a  knife  for  a  flaker.  These  must  be  rude,  however  ser- 
viceable. A  Klamath  Indian  made  a  complete  arrow-head  in  five 
minutes,  and  a  Shasta  indian  took  an  hour  for  this.  On  articles  of 
extraordinary  delicacy  and  size,  many  days  might  be  employed. 

Mr  Frank  H.  Gushing,  in- his  address  upon  the  arrow,  at  the 
Springfield  meeting  of  the  American  association  for  the  advance- 
ment of  science  in  1895,  gave  an  interesting  account  of  his  own 
experience  in  arrow  making.  In  a  boyish  experiment  he  stumbled 
upon  the  use  of  the  bone  flaker,  by  which  he  at  once  chipped  the 
flint '  in  long,  continuously  narrow  surface  flakes  wherever  the  edge 
was  caught  in  the  bone  at  a  certain  angle.'  His  experience  proved  to 
him  '  that  paleolithic  man,  of  the  French  caves  at  least  —  that  man 
who  is  said  to  have  known  no  other  art  of  working  stone  than  by 
rudely  breaking  it  into  shape  by  blows  of  other  stones  —  could  nol 
have  existed  in  such  primary  status  of  art  for  more  than  a  few  seasons 
at  most.'    (See  Proc.  A.  A.  A.  S.     1895.    p.  205) 

Before  he  went  to  the  Smithsonian  institution  or  to  Zuni,  he  had 
elaborated  '  some  seven  or  eight  totally  distinct  methods  of  working 
flint-like  substances  with  stone  age  apparatus.'  His  whole  account 
is  worthy  of  careful  study,  and  to  him  we  are  indebted  for  the  know- 
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ledge  of  one  purpose  of  caches.  From  one  pebble  he  had  made 
'  seven  finished  knife  and  arrow  blades  in  exactly  38  minutes; '  and, 
'  from  obsidian  or  glass  a  very  small  and  delicate  arrow-point  —  the 
most  easily  made,  by  the  way  —  in  less  than  two  minutes,' 

ARBOW-HEADS 

There  are  local  varieties  in  arrows,  as  in  other  implements,  and  on 
some  sites  one  type  may  prevail  to  the  exclusion  of  almost  all  others, 
but  the  distribution  of  all  leading  types  is  very  general.  There  are 
few  forms  of  the  smaller  chipped  implements,  from  the  Atlantic  to 
the  Rocky  mountains,  which  may  not  be  matched  in  form  in  New 
York,  whether  it  be  arrow,  spear,  drill,  scraper,  or  knife,  the  early 
visitors  bringing  them  from  every  part.  In  most  cases  the  finer 
ones  come  from  a  distance,  while  for  the  smaller,  more  common  and 
less  valuable,  the  hornstone  of  the  Helderberg  group  often  sufficed. 

Some  small  forms  have  been  classed  as  boys'  arrows,  but  there  is 
little  reason  for  this,  for  they  are  much  too  common,  and  were  ser- 
viceable in  hunting.  Many  are  found  in  New  York  less  than  half 
an  inch  in  length,  and  they  occur  in  quantities  not  over  an  inch  long. 
Primitive  children's  arrows  were  used  with  a  blow-gun. 

Arrow  making  was  a  necessity  to  every  hunter,  but  all  were  not 
equally  skilful,  and  some  would  acquire  a  high  reputation,  findit^ 
their  work  in  demand.  A  division  of  labor  was  inevitable,  even  in 
savage  life,  and  Roger  Williams  described  this  in  1643 :  '  They  have 
some  who  follow  onely  making  of  bowes,  some  arrows,  some  dishes, 
(and  the  women  make  all  the  earthen  vessels)  some  follow  fishing, 
some  hunting;  most  on  the  seaside  make  money,  and  store  up  shells 
|n  summer,  whereof  they  make  their  money.'  Some  of  the  finest 
stone  work  here,  also,  was  that  of  an  early  day,  the  Iroquois  having 
no  fondness  for  working  in  stone,  and  restricting  themselves  mostly 
to  axes,  small  arrows  and  knives.  The  finest  material,  also,  is  not  of 
recent  date,  but  of  that  period  when  men  were  here  as  hunters  and 
fishers,  rather  than  as  residents.  This  is  true  of  ornamental  stone 
work  as  well,  except  in  the  very  recent  introduction  of  red  pipestone, 
and  the  fine  stone  pipes  of  the  later  Iroquois,  made  with  metallic 
tools.    The  stone  masks  also  belong  to  the  historic  period. 
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It  is  impossible  to  draw  an  exact  line  between  arrows,  spears  and 
knives,  although  most  of  them  may  be  easily  distinguished;  and  it 
is  almost  as  difficult  to  classify  satisfactorily  the  varieties  of  either 
of  these  implements.  Dr  Rau  arranged  arrow-heads  as  leaf-shape; 
convex  sided,  with  truncate  base;  triangular;  triangular,  but  with 
indented  base;  notched  at  the  sides,  with  convex,  straight,  or  in- 
dented base;  stemmed,  but  with  various  bases;  barbed  and  stemmed. 
Others  have  suggested  additional  groups,  but  nothing  exactly  cover- 
ing all  has  yet  been  proposed. 

The  common  form  of  cached  articles  in  New  York  is  a  straight  base, 
straight  or  slightly  concave  edges  gradually  expandingto  the  full  width 
of  the  stone,  whence  longer  curved  edges  contract  to  the  point.  These 
coarsely  flaked  implements  are  commonly  from  four  to  five  inches 
in  length,  and  sometimes  scores  occur  in  one  cache.  Although 
usually  of  the  drab,  grey  or  dark  hornstone,  this  is  not  invariable, 
nor  is  the  size  always  the  same.  They  may  be  found  near  streams 
navigable  by  canoes,  but  not  always  close  to  them.  In  some  cases 
they  are  comparatively  distant  from  prominent  routes  or  resorts, 
but  in  places  favorable  for  hunting  or  fishing.  They  are  frequent  in 
New  York,  and  fig,  i  is  typical  of  a  large  class  often  used  without 
change.  It  is  one  out  of  a  cache  of  29  of  the  same  form,  and  is  four 
inches  long,  but  among  the  rest  were  some  larger. 

Those  which  Dr  Rau  called  leaf-shaped  arrows,  seem  to  be  knives 
as  a  rule;  at  least  they  might  have  been  used  as  such,  and  it  may  be 
best  to  referthem  to  that  class.  Inmost  cases  hisconvexsidedairows, 
with  truncate  bases,  seem  knives  also.  The  triangular  forms,  with 
either  the  straight  or  indented  base,  are  true  arrow-heads,  and  these 
were  favorites  with  the  Iroquois,  who  seldom  used  others.  Their 
use  was  not  confined  to  them.  Triangular  arrows  with  straight  bases 
are  somewhat  rare,  but  the  other  form  is  common,  and  sometimes 
very  slender  and  beautiful;  true  arrow-heads,  though  suggestive  of 
drills.  They  vary  frofti  one  to  two  and  one-half  inches  in  length,  and 
on  some  sites  no  others  will  be  found.  When  the  Iroquois  had  brass 
to  use,  they  retained  their  favorite  form,  and  the  metallic  point  was 
simply  sheet  brass,  cut  in  a  long  triangle,  perforated  or  not. 

To  Dr  Rau's  classification  may  be  added  two  kinds  of  bunts, 
which  are  divisions  of  the  stemmed  arrows,  sometimes  with  expanded 
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bases;  pentagonal  and  straight  sided,  double  notched,  and  what  is 
locally  known  as  the  shark's  tooth  form.  These  might  be  placed  in 
his  classes,  although  he  gives  no  examples  of  these  forms.  Some  of 
them  are  somewhat  local,  and  beveled  arrows  may  prove  to  be 
scrapers. 

The  various  forms  of  triangular  arrows  are  often  called  war  arrows, 
and  Catlin  makes  a  distinction  between  war  and  hunting  arrows  of 
a  little  different  nature.  (See  North  American  indians,  33).  He  says 
that  the  quiver  '  generally  contains  two  varieties.  The  one  to  be 
drawn  upon  an  enemy,  generally  poisoned,  and  with  long  flukes  or 
barbs,  which  are  designed  to  hang  the  blade  in  the  wound  after  the 
shaft  is  withdrawn,  in  which  they  are  but  slightly  glued;  the  other 
to  be  used  for  their  game,  with  the  blade  firmly  fastened  to  the  shaft, 
the  flukes  inverted,  that  it  may  be  easily  drawn  from  the  wound,  and 
used  on  a  future  occasion.*  If  the  barbs  are  the  essential  distinction, 
many  other  forms  besides  the  triangular  would  be  called  war  arrows. 

The  wonderful  rapidity  with  which  indians  send  their  arrows  has 
been  remarked  by  both  early  and  recent  writers,  and  this  argues  a 
corresponding  facility  in  making  them.  They  were  not  confined  to 
war  and  hunting,  but  were  largely  employed  in  shooting  fish.  Father 
Rasles  mentioned  this  when  he  was  among  the  Illinois  in  1693. 
When  they  wanted  fish, '  they  embark  in  a  canoe  with  their  bowd  and 
arrows,  standing  upright,  for  the  purpose  of  more  easily  seeing  the 
fish;  as  soon  as  they  perceive  it  they  pierce  it  with  an  arrow.'  This 
method  was  noticed  farther  east,  and  in  Johnson's  History  of  New 
England,  1654,  it  is  said, '  Their  Boyes  will  ordinarily  shoot  fish  with 
their  Arrowes  as  they  swim  in  the  shallow  Rivers,  they  draw  the 
Arrow  halfe  way,  putting  the  point  of  it  into  the  water,  they  let^flye 
and  strike  the  fish  through.'  Loskiel  mentioned  the  same  thing  in 
Pennsylvania,  in  the  last  century,  '  Little  boys  are  even  seen  fre- 
quently wading  in  shallow  brooks,  shooting  small  fishes  with  bows 
and  arrows.'  Lawson  (1714)  observed  the  same  thing  in  the  Caro- 
linas,  and  other  early  writers  refer  to  it  elsewhere.  This  is  one  reason 
for  the  abundance  of  arrows  along  rivers  and  streams,  and  this  would 
allow  of  much  larger  heads  than  the  usual  '  regulation  size.' 

Triangular  arrows  with  concave  bases  are  widely  distributed,  and 
in  New  York  their  chief  distinction  is  in  material  and  breadth.    la 


iPeauvCoO^^lc 


20  NEW   YORK   STATE   MUSEUM 

Europe  they  seem  rare.  Sometimes  they  are  almost  equilateral;  at 
others  nearly  as  slender  as  many  perforators.  They  are  usually  neatly 
chipped  and  thin.  Fig.  2  is  a  small  example,  about  as  broad  as  long, 
being  an  inch  in  extent.  It  has  a  concave  base,  and  is  of  common 
flint,  slightly  mottled.  This  comes  from  the  Seneca  river,  where  it 
is  a  frequent  form.  It  is  sometimes  much  smaller.  Fig.  3  is  of 
brown  flint  from  the  same  stream.  In  this,  however,  while  the  base 
is  more  deeply  concave,  the  lateral  lines  are  slightly  convex  instead 
of  straight,  and  the  width  exceeds  the  length,  being  one  and  three- 
eighths  inches.  Fig.  4a,  a  still  broader  form,  seems  a  true  arrow, 
and  yet  there  are  reasons  for  thinking  it  a  knife.  It  is  of  common 
dark  flint,  and  is  one  and  one  quarter  inches  wide.  Fig.  46  is  an 
extreme  form  of  this,  from  Cross  lake.  It  is  of  an  obscurely  banded 
drab  flint,  and  the  width  is  one  and  eleven  sixteenths  inches,  more 
than  double  the  length,  if  we  call  it  an  arrow,  but  its  proper  place 
seems  with  the  knives.  Fig.  4c  shows  the  other  extreme  of  this 
somewhat  rare  form.    In  this  all  the  angles  are  a  little  rounded. 

Three  early  forts,  near  Baldwinsville,  have  afforded  some  of  the 
finest  examples  of  the  straight  sided,  slender  triangular  arrows,  vary- 
ing from  one  and  one  quarter  to  two  and  one  half  inches  long.  From 
one  of  these,  a  stockade  on  the  north  side  of  Seneca  river,  come  both 
broad  and  extremely  slender  forms,  with  all  intermediate  grades. 
Fig,  5  is  one  of  these,  one  and  one  quarter  inches  long,  and  of  dark 
flint,  proportionally  quite  as  broad  as  those  so  frequent  elsewhere. 
Fig.  6  is  of  light  drab  flint,  and  is  two  and  one  half  inches  long,  the 
utmost  Hmit  technically  allowed  for  arrow-heads.  It  will  be  seen  that 
an  inch  more  would  add  little  to  its  weight,  or  resistance  to  the  air. 
Fig.  .7  is  of  the  same  material,  and  from  the  same  place.  It  is  two 
inches  long,  and  another  almost  as  long  is  very  much  narrower. 

An  Onondaga  stockade,  occupied  about  A.  D.  1600,  has  this 
smaller  and  broader  form,  but  with  few  examples.  It  occurs  a  little 
later  in  time,  in  common  flint,  in  a  stockade  a  mile  south  of  Delphi, 
but  is  not  as  neatly  chipped.  An  Onondaga  stockade  south  of  Pom- 
pey  Center,  apparently  occupied  about  1640,  has  the  same  form 
and  material.  Fig.  8  is  an  example,  one  and  one  eighth  inches  long. 
Some  are  smaller  than  this.    Most  of  these  later  specimens  are  small. 
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and  have  a  deeply  indented  base.  They  occur  on  Indian  hill  in 
Pompey,  the  site  of  the  Onondaga  town  which  Father  Le  Moyne 
first  visited  in  1654.  Fig.  9  is  a  beautifully  mottled  one  from  Water- 
vale,  in  the  same  town.  It  is  two  inches  long,  and  is  exceptional  in 
material,  as  most  of  these  are  of  common  flint. 

In  the  early  Mohawk  towns  the  same  favorite  Iroquois  arrow  ap- 
pears, but  in  a  ruder  form.  Fig.  10  is  a  curious  example  from  the 
earthwork  in  Minden,  near  Fort  Plain.  This  work  seems  to  have 
been  one  of  the  earliest  triad  of  Mohawk  forts,  occupied  respectively 
by  the  three  clans  of  Turtle,  Bear  and  Wolf,  and  having  suggestions 
at  least  of  European  contact.  Squier's  statement  that  European 
articles  have  been  found  there,  seems  premature.  This  arrow  point 
is  of  grey  flint,  one  and  one  quarter  inches  long,  and  may  be  unfin- 
ished, as  it  is  flat  on  one  side,  and  much  ridged  on  the  other.  Fig.  1 1 
represents  another  of  the  same  material,  and  much  like  the  last, 
except  in  having  a  lower  ridge  and  deeper  base.  This  comes  from 
a  Mohawk  town  east  of  Wagner's  Hollow,  which  has  afForded  some 
of  the  most  remarkable  relics  of  the  early  historic  period.  Although 
usually  of  common  flint,  fig.  12  shows  a  very  pretty  white  one  from 
Baldwinsville,  which  is  not  only  a  good  example,  but  is  very  finely 
serrated. 

There  are  distinct  varieties  of  the  triangular  arrows,  and  fig.  13 
represents  one  of  the  rarest  of  these  from  the  double  walled  earth- 
work, three  miles  southeast  of  Baldwinsville.  It  is  of  a  beautifully 
variegated  and  lustrous  flint,  with  a  distinct  groove  in  the  center  of 
each  surface,  tapering  from  base  to  point.  The  base  is  much  in- 
dented, though  not  as  deeply  as  in  some,  and  the  length  is  two  and 
one  eighth  inches,  with  convex  edges.  The  locality  is  of  importance, 
as  showing  this  to  be  an  Iroquotan  form.  Fig.  14  shows  another 
of  these  from  Cross  lake,  two  and  one  half  inches  long,  which  is  very 
fine,  and  of  a  light  bluish  grey  flint.  Other  fine  examples  might  be 
given,  for  though  somewhat  rare,  it  is  widely  distributed. 

Another  variety,  in  which  the  edge  presents  a  double  curve,  is 
locally  called  the  shark's  tooth  form.  Jones,  in  his  Antiqiaties  of 
Georgia,  calls  most  triangular  arrows  the  shark's  tooth  form,  but  in 
New  York  it  is  restricted  to  a  peculiarly  curved  outline.    Fig.  15  is 
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an  extreme  form  of  this,  made  of  common  flint,  one  and  three  quarters 
inches  long.  It  is  remarkable  for  its  obtuse  barbs.  This  was  found 
on  Onondaga  lake.  Fig.  16  represents  the  typical  form,  with  gentler 
curves  and  sharper  angles.  It  is  a  large  specimen  from  Ithaca,  of 
dark  fiint,  and  two  and  one  quarter  inches  long.  Many  differ  hardly 
at  all  from  this  except  in  size.  Fig.  17  is  a  slender  form  from  Brew- 
erton,  of  common  flint,  two  inches  long.  They  are  rarely  as  slender 
as  this,  but  many  intermediate  varieties  occur,  none  of  which  have 
slender  barbs.    Good  examples  seem  almost  peculiar  to  New  York, 

Notchless  pentagonal  arrows  are  moderately  distributed,  and  occur 
in  several  materials.  Fig,  18  is  one  of  common  flint,  from  the  town 
of  Van  Buren,  and  has  angles  somewhat  rounded.  It  is  quite  flat, 
and  one  and  three  quarters  inches  long.  They  are  usually  quite  as 
broad  as  this,  though  slender  forms  occur.  A  ruder  and  more  mas- 
sive one,  of  the  same  size  and  outline,  comes  from  Bald  wins  ville. 
It  is  made  of  a  piece  of  common  hornstone,  which  unites  the  light 
clay  color  and  the  dark  drab  tint.  They  may  be  either  arrows  or 
knives.  I 

The  name  of  bunt  has  been  adopted  for  a  class  of  stemmed  stone 
arrow-heads,  with  broadly  rounded  or  obtusely  pointed  ends.  The 
term  was  first  used  in  Missouri,  and  while  Mr  A.  E.  Douglass,  of 
New  York  city,  has  753  Missouri  specimens  in  his  collection,  he 
reports  none  from  this  state.  They  are  frequent  farther  south  and 
southwest,  and  seem  here  most  abundant  on  the  Seneca  river.  In 
outline  they  often  have  the  scraper  forms,  and  are  sometimes  con- 
founded with  them,  but  the  class  will  hold  good.  To  this  day  the 
Onondagas  use  blunt  headed  arrows  made  entirely  of  wood,  as  they 
probably  always  did.  Sometimes  those  of  stone  seem  to  have  been 
merely  broken  arrows,  long  ago  recut  for  use,  as  in  fig.  19,  from 
Seneca  river.  Of  course  this  might  have  been  used  for  digging  pur- 
poses, like  longer  ones  of  this  form,  but  it  seems  too  short  for  this. 
In  this  specimen  there  is  no  perceptible  difference  in  the  flaking,  as 
though  it  had  a  secondary  use.  It  is  one  and  one  half  inches  long. 
Fig.  20  shows  a  longer  and  straighter  form,  made  of  light  grey  flint. 
This  is  quite  thick,  and  about  one  and  three  quarters  inches  long. 
Fig.  21  is  a  typical  form,  of  which  there  are  many  examples.    It  is 
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of  common  flint,  and  is  one  and  one  half  inches  long.  Most  of  these 
are  from  Onondaga  county.  The  same  form  often  appears  in 
scrapers.  Fig.  22  can  hardly  be  assigned  any  other  place,  although  too 
long  and  heavy  to  be  strictly  called  an  arrow,  being  two  and  three 
quarters  inches  long,  and  very  coarsely  chipped.  It  is  of  common 
flint,  and  occurs  on  the  Seneca  river  in  smaller  sizes.  As  an  arrow 
it  might  have  been  used  to  stun  fish. 

Fig.  23  is  a  fine  arrow  of  the  bunt  form,  quite  flat,  and  with  a 
finely  rounded  edge,  it  is  one  and  three  eighths  inches  long,  and  is 
made  of  a  flne  brown  flinty  sandstone.  In  this  the  stem  expands  at 
the  base.  Fig.  24  is  even  finer,  and  is  of  dark  blue  flint,  about  one 
and  one  quarter  inches  long.  It  differs  from  the  last  in  having  dis- 
tinct barbs.  Fig.  25  has  a  simple  rounded  stem,  and  is  a  beautiful 
specimen,  made  of  light  grey  and  lustrous  jasper.  It  is  from  Cross 
lake,  and  is  nearly  one  and  seven  eighths  inches  long.  This  is  more 
properly  a  scraper,  for  though  it  is  neatly  chipped  all  over  both  sides, 
yet  one  side  is  much  the  flatter,  and  the  edge  is  cut  at  the  usual 
angle.  It  may  be  considered  an  intermediate  form.  A  large  propor- 
tion of  the  bunts  on  Seneca  river  have  the  rounded  end,  but  some 
are  angular.    They  are  quite  variable. 

Among  the  stemmed  but  notchless  forms  are  many  having  a  sug- 
gestion of  barbs,  and  of  the  kind  which  Catlin  called  hunting  arrows. 
This  projection,  when  not  carried  below  a  horizontal  line,  is  now 
called  a  shoulder,  and  is  a  frequent  feature.  The  edges  may  be 
straight  or  curved,  and  they  are  so  common  as  scarcely  to  require 
illustration.  Fig.  26  is  a  good  typical  specimen,  made  of  light  grey 
flint,  and  one  and  seven  eighths  inches  long.  This  is  from  Cross  lake. 
An  infinite  variety  will  be  found  in  this  simple  form,  produced  by 
variations  in  length,  breadth,  and  proportion  of  parts.  Fig.  27  is  a 
very  odd  example,  of  yellow  jasper,  suggesting  both  the  pentagonal 
and  bunt  arrows,  and  having  deep  notches.  A  little  central  point 
also  suggests  the  drill.  It  comes  from  Tonawanda  and  is  but  little 
over  an  inch  long.  Fig.  28  is  still  more  curious  here,  being  more 
like  extreme  western  forms  than  those  of  New  York.  It  is  very 
small,  too,  though  others  here,  of  a  different  outUne,  are  less  than 
half  the  length  of  this.    It  might  be  described  as  a  narrow  and  a 
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broad  triangle,  united  by  their  bases.  It  is  of  6int,  one  and  one 
quarter  inches  long,  and  ts  said  to  have  been  found  on  Grand  island, 
in  the  Niagara  river.  Fig,  30  is  a  very  small  and  pretty  arrow  of 
yellow  jasper,  three  quarters  of  an  inch  long,  and  conies  from  Amboy, 
west  of  Syracuse,  Yellow  jasper  is  a  common  material  for  small 
arrow  heads. 

Fig.  31  represents  a  very  common  form.  This  is  of  white  flint, 
two  and  one  eighth  inches  long,  and  comes  from  Brewerton.  It  is 
neatly  chipped,  and  has  a  slightly  expanding  base.  There  are  many 
small  and  often  good  specimens  of  this  form,  usually  quite  slender, 
and  made  of  the  nearest  hornstone,  but  fine  examples  occur  on  most 
Indian  sites,  except  those  of  the  Iroquois.  Beveled  arrows  are  com- 
monly of  this  form. 

Among  the  notched  or  shouldered  arrows,  of  every  variety,  more 
or  less  occur  which  are  of  a  spiral  or  twisted  form,  but  whether  this 
came  from  design  may  be  a  question.  The  Indians  were  aware  of 
the  advantages  of  a  rotary  motion,  and  learned  to  rifle  smooth  bore 
guns  very  neatly  for  themselves.  Loskiel  said, '  Many  of  the  Dela- 
wares  and  Iroquois  have  learned  to  make  very  good  rifle  barrels  of 
common  fowling  pieces,  and  keep  them  likewise  in  good  repair,'  On 
the  other  hand,  the  triangular  Iroquois  arrow-heads,  whether  of 
metal  or  stone,  were  made  as  flat  as  possible.  Obviously,  a  rotary 
motion  was  not  always  desirable  in  the  woods,  and  to  this  day  the 
Onondagas  do  not  feather  their  own  arrows,  though  they  will  do  it 
for  others.  Accordingly,  as  the  spiral  twist  is  the  exception  rather 
than  the  rule  with  stone  arrow-heads,  and  is  quite  as  frequent  in 
knives  and  spears,  this  feature  is  to  be  ascribed  to  the  first  flaking 
of  the  material,  rather  than  to  design.  It  may  be  observed  that  in 
the  picture  of  the  battle  on  lake  Champlain  in  1609,  the  Indians  on 
both  sides  have  feathered  arrows,  as  is  the  case  in  the  picture  of  a 
Susquehanna  warrior  made  about  the  same  time,  and  this  might  be 
thought  the  idea  of  the  European  artist,  rather  than  the  fact,  were 
we  not  told  elsewhere  how  the  southern  Indians  affixed  the  feather. 
When  required,  the  Onondagas  feather  their  shafts  very  simply  and 
neatly.  The  shaft  of  the  feather  is  split,  one  side  only  being  used. 
The  anterior  part  of  this  is  stripped  and  bound  on  the  arrow  shaft. 
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pointing  toward  the  notch.  Then  the  feathered  part  is  reversed, 
given  a  slight  twist,  and  bound  firmly  at  the  end.  As  this  spiral 
twist  is  said  to  be  purely  American,  some  have  claimed  that  thence 
came  the  idea  of  rifling  gun  barrels.  This  feature,  however,  appeared 
in  Europe  as  early  as  1520;  even  earlier  as  regards  the  mere  groove. 

Another  arrow  form  is  not  distinctly  notched  in  the  usual  way,  but 
has  an  angular  indentation  on  each  side.  Fig.  32  is  a  good  illustra- 
tion of  this.  It  is  of  common  flint,  one  and  one  half  inches  long,  and 
was  found  on  the  Seneca  river.  Such  arrows  are  quite  flat,  and 
might  easily  have  served  for  knives.  Fig.  33  is  of  the  same  form, 
but  a  little  larger,  being  one  and  three  quarters  inches  long.  It  is  of 
brown  flint,  and  was  found  on  Oneida  lake.  These  are  typical  of 
many  others,  but  some  are  proportionally  very  long.  Fig.  34  is  an 
intermediate  form,  with  curving  instead  of  straight  outlines,  and  this 
also  is  typical  of  a  large  class,  many  of  which  are  not  more  than 
half  this  length.  It  was  found  on  the  Seneca  river,  and  is  one  and 
five  eighths  inches  long.  The  material  is  that  whitish  flint,  so  com- 
monly used  in  some  parts  of  lUinois,  and  which  is  frequently  seen  in 
arrow  forms  in  New  York. 

Some  parallel  sided  angular  arrow-heads  are  both  remarkable  and 
rare.  Two  of  the  best  specimens  of  these  were  found  on  the  Seneca 
river,  more  than  ten  miles  apart,  and  no  one  can  doubt  they  were 
made  by  the  same  hand.  Both  were  picked  up  by  the  writer,  one 
l>eing  at  first  thought  a  broken  arrow,  as  it  lay  on  the  ground.  For- 
tunately something  about  it  arrested  attention,  and  a  slight  examina- 
tion revealed  its  great  value.  For  comparison,  as  well  as  on  account 
of  their  unique  character,  both  are  represented  in  figs.  35  and  36. 
They  are  quite  thin,  one  and  one  eighth  inches  long,  angular  and 
straight  sided,  and  are  of  drab  flint.  The  notch  on  each  side  dis- 
tinguishes them  from  some  other  forms.  One  much  like  these  was 
found  at  Newark  Valley,  of  the  same  material,  but  slightly  farger. 
It  differed  in  having  a  distinctly  concave  base.  Fig,  ^y  has  a  resem- 
blance to  these  also,  but  is  much  larger  and  ruder,  although  thin.  It 
is  of  a  grey  flinty  limestone,  and  was  found  on  the  east  side  of  Skan- 
eateles  lake.  The  length  is  two  inches,  and  the  width  but  very  Uttle 
less.   Fig.  38  shows  one  from  Herkimer  county,  of  common  flint,  and 
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one  and  one  half  inches  long.  It  is  not  as  symmetrical  as  the  parallel 
sided  ones  mentioned,  and  it  has  a  notch  in  the  center  of  the  base, 
besides  those  in  the  sides.  There  are  other  examples  which  are 
much  less  striking  than  these. 

Fig.  39  is  of  yellow  jasper,  with  curving  edges,  and  somewhat  thin. 
It  is  an  inch  long,  and  has  long  barbs,  a  feature  not  common  here. 
It  has  the  needle-like  point,  found  in  many  arrow-heads,  but  usually 
more  distinct  than  in  this.  This  feature  is  shown  in  a  broad  way, 
though  by  no  means  typical,  in  fig.  40,  which  is  of  black  flint,  one 
and  five  eighths  inches  long,  and  from  the  Oswego  river.  This  has 
long  barbs,  though  shorter  than  in  some  imperfect  specimens,  such 
slender  projections  being  peculiarly  liable  to  fracture.  Its  general 
character  is  more  like  articles  from  Ohio  than  New  York.  Fig.  41 
is  the  most  remarkable  for  material,  being  a  shark's  tooth,  perhaps 
a  fossil,  one  and  one  half  inches  long.  It  has  been  deeply  and  nar- 
rowly notched,  but  is  otherwise  unchanged.  It  may  be  a  memorial 
of  the  Iroquois  wars  with  the  Catawbas  and  other  southern  Indians, 
or  it  may  be  of  an  older  day,  for,  although  found  near  an  historic 
Cayuga  site,  its  age  is  uncertain.  It  was  found  in  a  grave  near 
Union  Springs,  on  the  east  side  of  Cayuga  lake,  by  Mr  S.  L.  Frey 
of  Palatine  Bridge,  whose  account  may  be  quoted.  '  The  burials  at 
this  place  were  very  numerous,  and  judging  from  the  state  of  the 
bones,  older  than  the  coming  of  the  whites,  unless  a  single  glass 
,  bead  which  I  found  there,  would  seem  to  indicate  white  trade.  At 
this  place,  associated  with  many  small  shell  beads,  or  rather  shells 
used  for  beads,  was  the  arrow  referred  to.  It  is  perfect,  and  just  as 
it  was  in  its  original  state,  except  the  two  slits  which  have  been  cut 
for  fastening  it  to  the  shaft.  The  enamel  is  as  hard,  glassy  and  perfect 
as  ever,  and  it  is  really  a  unique  specimen,  as  far  as  my  explorations 
go.  I  think  similar  ones  were  used  by  the  southern  indians.'  The 
locality  is  one  where  there  were  early  and  recent  cemeteries  and 
villages,  but  on  the  whole  the  grave  was  probably  comparatively 
recent.  Perforated  fossil  shark's  teeth  were  used  as  ornaments  in 
Georgia. 

A  few  double  notched  arrows  appear,  but  this  feature  is  more 
frequent  in  the  spears,  where  the  advantage  would  be  greater.    In 
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fact  these  are  so  large  that  they  might  well  be  called  a  small  form 
of  spears.  Fig.  42  is  one  of  grey  flint,  and  comes  from  Brewerton, 
where  spears  of  the  same  kind  are  found,  and  it  differs  from  them 
only  in  size.  It  is  two  and  one  half  inches  long,  one  corner  of  the 
base  being  broken  off,  so  that  but  one  notch  remains  on  that  side. 
The  notches  are  neatly  made.  Fig.  43  is  a  curious  one  from  Onon- 
daga lake,  of  the  same  length,  and  of  common  flint.  It  is  much 
thicker  than  the  last,  and  has  a  narrower  base  and  broader  notches. 
A  similar  base  appears  in  one  from  Seneca  lake,  though  somewhat 
wider.  The  latter  may  have  a  more  definite  claim  to  the  title  of 
arrow,  being  one  and  seven  eighths  inches  long.  It  has  a  rounded 
point,  and  the  notches  are  neatly  cut  This  is  the  smallest  of  these 
thus  far  reported. 

The  ordinary  notched  or  shouldered  arrows,  the  most  abundant  of 
all,  occur  in  several  varieties.  Those  with  widely  expanded  bases 
are  frequent  in  ceiitral  New  York,  and  are  usually  quite  thick, 
although  not  invariably.  Fig,  44  shows  one  of  blue  flint,  from  Nine 
Mile  creek,  in  Onondaga  county.  This  has  a  base  one  and  one  half 
inches  wide,  making  the  three  sides  nearly  equal.  So  broad  is  the 
point  of  the  next  that  it  might  be  classed  as  a  bunt.  This  is  shown 
in  fig.  45,  which  is  of  common  homstone,  one  and  one  quarter  inches 
wide,  and  with  a  concave  base  differing  a  little  from  the  last.  In 
both  of  these  the  broad  wings  of  the  base  are  notable  features,  well 
brought  out  by  the  deep  notches  of  the  lateral  edges.  Fig.  46  repre- 
sents another  frequent  form,  which  may  be  thin  or  thick,  long  or 
short.  This  one  is  of  a  variegated  drab  flint,  one  and  one  half  inches 
long,  which  is  a  very  frequent  size.  It  comes  from  the  Seneca  river, 
and  differs  from  the  last  in  being  longer,  having  shallower  notches, 
and  a  straight  base.  There  are  many  beautiful  examples  of  this 
form,  and  it  was  well  adapted  for  preservation,  specially  when  thick. 
It  may  be  observed  that  many  such  arrows  are  thickest  toward  the 
point,  thus  allowing  the  thinner  part  to  be  inserted  in  the  shaft. 

Fig.  47  is  a  more  slender  form,  also  somewhat  common,  though 
not  usually  as  fine  as  this.  It  will  be  seen  that  most  of  these  are 
simply  notched  triangular  arrows,  many  of  them  quite  as  chin 
as  in  that  characteristic  form.     This  specimen   is  of  drab  flint, 
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one  and  three  quarters  inches  long,  and  was  found  at  BaldwinsviUe. 
One  a  little  broader,  but  only  one  and  three  eighths  inches  long,  was 
found  at  the  same  time  and  place.  Some  smaller  and  thicker  forms 
are  less  deeply  notched.  They  are  among  our  most  beautiful  arrows. 
It  may  be  remarked  that  some  eccentric  forms  were  probably  per- 
sonal, or  at  least  tribal,  used  to  show  ownership  or  nationality.  It 
has  been  pointed  out  that  two  arrow  points  already  figured,  were 
made  by  the  same  man,  so  rare  is  the  form,  and  so  close  the  corres- 
pondence. If  stolen  or  lost  for  a  time  he  would  have  no  difficulty  in 
identifying  his  property.  This  extended  into  a  national  feeling.  As 
we  have  seen,  in  recent  times  the  Iroquois  used  the  triangular  arrow 
almost  exclusively.  If  other  forms  were  tfaen  as  characteristic  of 
other  nations,  the  form  of  the  arrow  used  would  indicate  the  actors 
Jo  any  sudden  raid,  and  these  often  had  a  pride  in  making  themselves 
known.  There  are  several  instances  in  early  history,  where  toma- 
hawks or  war  clubs  were  used  for  this  purpose.  Thus,  a  Canadian 
Indian,  on  a  scout  on  Lake  George  in  J690,  saw  the  English  and 
Iroquois  making  canoes.  Failing  to  make  a  prisoner  he  '  suspended 
three  tomahawks  within  sight  of  their  cabins,  indicating  to  them  that 
they  were  discovered,  and  that  he  defied  them  to  come  to  Montreal. 
These  tomahawks  are  a  species  of  club  on  which  they  carve  figures, 
and  in  that  way  manifest  their  wishes.'  In  speaking  of  some  depreda- 
tions committed  in  1695,  near  Montreal,  the  French  said,  '  These 
blows  were  struck  by  some  Mohawks  and  Oneidas,  as  we  discovered 
by  their  tomahawks,  which  they  left  sticking  in  the-ground,  according 
to  their  custom.'  It  will  be  readily  seen  that  a  warrior  who  wished  to 
be  renowned  might  adopt  a  distinct  form  of  arrow  as  his  own,  and  be 
allowed  a  certain  informal  copyright.  His  arrow  would  prove  his 
deed,  whether  in  hunting  or  war.  This,  of  course,  could  not  be 
carried  out  to  any  great  extent,  and  yet  will  account  (or  some  excep- 
tional forms.  Personal  taste  may  well  be  allowed  a  place,  but  in  a 
few  instances  a  higher  purpose  may  have  been  connected  with  it,  and 
there  is  no  doubt  at  all  that  little  peculiarities  clearly  distinguished 
the  implements  and  arms  of  various  nations.  Among  the  remaining 
Iroquois  the  snow  snakes  of  the  Onondagas  and  Senecas  might 
seem  precisely  alike  to  the  casual  observer,  and  yet  they  have  perma- 
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nent  distinctions.  The  same  considerations  have  their  application 
to  very  many  other  things.  Closely  related  as  they  were,  each  Iro- 
quois nation  had  its  own  fashions. 

Fig.  48  is  not  common,  and  the  work  is  somewhat  coarse.  The 
basal  line  is  also  convex,  a  rare  feature  in  this  form,  unless  there  is 
a  centnl  Jiotch  or  double  curve,  as  in  some  of  the  following.  The 
lateral  notches  mre  also  deep,  and  the  implement  is  beveled.  It  is 
of  brown  flint,  one  and  tbree  quarters  inches  long,  and  was  found  on 
the  Seneca  river.  Fig.  49,  from  tfae  same  place,  is  by  no  means 
rare,  though  quite  variable.  This  is  of  brown  .dint,  one  and  one  half 
inches  long,  and  with  a  basal  width  of  one  and  three  raXtecBtlis  inches. 
The  notches  are  quite  deep,  and  the  cutting  edges  convex.  The  base 
is  hardly  as  concave  as  in  most  of  this  form,  which  is  of  wide  dis- 
tribution, extending  far  to  the  south  and  west.  Fig.  50  is  of  the  same 
general  form,  but  has  a  hollower  base  and  straighter  edge.  This 
is  of  brownish  white  flint,  and  comes  from  Brewerton,  at  the  foot  of 
Oneida  lake,  for  ages  a  favorite  resort  of  the  aborigines.  It  is  one 
and  five  eighths  inches  long.  Fig.  gi  is  of  dark  brown  flint,  one  and 
seven  eighths  inches  long,  the  base  being  one  and  one  quarter  inches 
wide.  This  is  also  concave,  and  the  implement  is  thick.  It  comes 
from  Onondaga  lake.  Fig.  52  is  another,  made  of  common  horn- 
stone,  with  a  fine  concave  base.  The  full  length  is  two  and  one 
quarter  inches,  and  the  base  is  one  and  three  righths  inches  wide.  It 
was  found  at  Baldwinsville,  and  the  form  is  rather. frequent  in  that 
vicinity.  A  much  smaller  one,  with  some  peculiarities,  comes  from 
the  same  place.  It  is  but  little  over  an  inch  long,  and  the  base  is 
much  deeper  and  more  indented.  This  form  even  occurs  in  quartz, 
but  with  less  elaboration. 

Some  of  the  smaller  arrow-heads  have  peculiar  features,  and 
slender  ones,  with  one  sided  bases,  occur  occasionally.  Fig.  53  is 
a  good  illustration  of  these.  It  is  of  drab  flint,  one  and  live  sixteenths 
inches  long,  and  quite  inequilateral  in  every  way,  so  much  so  as  to 
make  it  a  question  whether  it  should  not  be  called  a  very  small  knife. 
They  are  hardly  common,  and  those  figured  here  are  from  the  Seneca 
river.  Fig.  54  is  another  of  these,  of  the  same  material,  but  propor- 
tionally much  wider  than  the  last    It  is  but  little  over  an  inch  long. 
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and  browner  than  the  one  preceding  it.  Fig,  55  is  of  the  same 
brownish  hornstone,  but  perhaps  more  like  limestone,  and  less  neatly 
chipped  than  the  others.  It  is  also  more  symmetrical.  It  is  one 
and  five  sixteenths  inches  long.  The  first  may  be  considered  extreme 
forms  of  these. 

Fig,  56  has  a  double  curved  base,  angular  in  the  center,  and  is  of 
an  obscurely  banded  dark  blue  flint,  rather  thick,  and  two  inches 
long.  It  comes  from  Seneca  river,  where  there  are  many  modifica- 
tions of  the  form.  Fig.  57  is  from  Wood  creek,  east  of  Oneida  lake, 
an  early  thoroughfare  in  historic  times,  but  less  so  at  an  earlier  day. 
It  is  of  common  flint,  two  inches  long,  and  has  the  double  curved 
base  more  deeply  notched  than  the  last.  It  has  also  a  much  narrower 
and  more  rounded  base,  this  being  less  wide  than  the  main  part  of 
the  arrow.  They  are  sometimes  distinctly  barbed,  rather  than 
shouldered.  A  beautiful  one  of  variegated  brown  flint,  two  inches 
long,  comes  from  near  the  Seneca  river. 

Fig.  58  is  from  the  same  vicinity,  and  is  of  a  light  brown  fUnt, 
with  two  black  bands  appearing  on  one  surface.  It  is  quite  thin, 
and  is  one  and  one  quarter  inches  long,  the  base  being  seven  eighths 
of  an  inch  wide,  this  being  the  broadest  part.  The  form  is  quite  odd 
in  several  respects,  being  somewhat  angular,  and  with  straight  con- 
verging sides.  Fig.  59  is  another  broad  and  peculiar  form,  less 
prominently  notched  than  the  last,  but  almost  as  nearly  triangular. 
It  is  of  drab  flint,  and  quite  thick.  The  length  is  two  and  one  half 
inches,  and  the  breadth  one  and  five  eighths  inches.  It  comes  from 
the  Seneca  river,  and  might  be  called  either  arrow  or  knife.  It 
would  be  rather  heavy  for  the  former,  unless  used  at  close  quarters 
or  in  shooting  fish.  It  must  be  remembered  that  much  of  the  primi- 
tive forest  archery  was  at  short  range. 

Fig,  60  is  much  like  the  last  in  outline,  though  with  a  deeper  base, 
like  some  preceding  forms.  It  is  small  for  so  neatly  made  an  imple- 
ment, being  considerably  less  than  an  inch  in  length.  This  is  ot 
light  colored  flint,  and  is  also  from  the  Seneca  river.  The  surface  is 
even,  and  the  outline  very  symmetrical.  Fig.  61  resembles  the  last, 
but  is  a  ruder  specimen,  being  quite  thick  and  ridged  through  the 
center.    It  is  of  dark  flint,  one  inch  long.   Tliis  form  is  quite  abundant 
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along  the  Seneca  river,  and  varying  examples  will  be  given  later. 
Although  small,  they  are  quite  large  enough  for  efEective  use. 

Fig.  62  is  a  very  rare  and  beautiful  arrow-head,  made  of  light 
bluish  flint.  The  point  has  been  slightly  broken,  and  was  acute, 
making  the  original  length  one  and  one  half  inches.  It  is  straight 
but  not  parallel  sided,  the  base  is  deep,  and  the  notches  so  much 
enlarged  within  as  to  give  both  base  and  sides  the  appearance  of 
approaching  barbs.  Its  most  striking  feature  is  that  of  expanding 
above  the  notches,  until  half  way  between  these  and  the  point.  The 
surface  is  flattened.  This  unique  specimen  came  from  the  Seneca 
river,  which  was  a  favorite  early  resort,  both  for  its  own  advantages, 
and  as  being  the  outlet  of  so  many  lakes.  At  every  rift  are  found 
camps  and  hamlets  of  varying  age  and  character,  and  these  rifts  are 
quite  freqiient  in  its  long  course,  which  was  easily  navigable  by  the 
indian's  light  canoe,  as  it  has  since  been  traversed  by  the  larger 
vessels  of  the  white  man. 

Fig.  63  is  a  small,  but  prominently  shouldered  arrow-head  of 
opaque  white  flint,  found  opposite  Three  River  Point,  where  the 
Oneida  and  Seneca  rivers  unite  to  form  the  Oswego.  The  junction 
of  two  such  important  streams  made  this  a  natural  stopping  place, 
and  many  arrows  and  spear-heads  of  similar  material  have  been 
found  there.  This  is  but  one  and  one^  eighth  inches  long,  and  several 
have  been  collected  of  similar  form,  but  usually  smaller.  In  this  all 
the  outlines  are  concave,  except  the  lowest  of  all.  Fig.  64  is  another 
of  these,  from  the  Oswego  river,  and  but  one  inch  long.  It  is  of  dark 
blue  flint,  and  every  way  more  slender  than  the  last.  The  base  is 
wider,  and  it  was  distinctly  barbed,  but  one  of  the  barbs  has  been 
broken.  Fig.  65  is  of  drab  flint,  and  was  found  at  Baldwinsville.  It 
is  but  seven  eighths  of  an  inch  long,  and  has  a  deep  and  expanded 
base,  but  has  a  strong  general  resemblance  to  the  preceding.  On 
comparing  these  with  articles  from  other  places,  this  may  be  regarded 
as  a  rare  form.  Neither  Rau,  Abbott,  nor  Fowke  give  any  figures 
closely  resembling  it. 

Fig.  66  has  been  referred  to  before,  among  those  arrow-heads 
which  have  concave  bases.  It  is  a  fine  example,  with  a  deeper  and 
more  angular  base  than  usual,  while  it  is  also  quite  small.    It  is  of 
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drab  flint,  one  inch  long,  and  quite  thick.  It  was  found  on  Seneca 
river. 

Fig,  67  is  a  beveled  arrow  of  drab  flint,  two  inches  long,  and  from 
the  same  locality.  Besides  the  bevel  on  each  lateral  edge,  the  basal 
edge  has  also  its  bevel,  which  is  not  a  common  feature,  and  it  is 
more  slender  than  is  usual  with  implements  of  this  type  and  size. 
These  are  rarer  here  than  farther  west,  and  suggest  scrapers.  Those 
which  are  large  enough  to  be  classed  as  spears  are  sometimes  quite 
slender.  While  the  elaborate  work  distinguishes  them  from  the 
broad  flaking  of  the  under  side  of  the  common  scraper,  it  is  difficult 
to  assign  any  other  use  to  the  characteristic  edge.  At  the  same  time, 
this  edge"  is  sharp  enough  for  many  cutting  purposes,  the  bevel 
resembling  that  of  a  chisel. 

Fig.  68  is  a  rare  form  from  Wood  creek,  east  of  Oneida  lake.  It 
is  of  common  flint,  one  and  seven  eighths  inches  long,  indented  but 
not  notched,  and  presenting  curved  lines  in  every  part.  Except  in 
the  expanded  base,  it  is  much  like  one  of  the  finest  forms  of  knives, 
and  might  have  been  used  either  for  knife  or  arrow. 

Fig,  69  is  a  fair  example  of  those  arrows  which  end  in  a  needle 
point,  though  this  point  is  scarcely  as  slender  as  in  some  others. 
This  is  of  drab  flint,  one  and  three  quarters  inches  long,  and  was 
found  at  the  mouth  of  Chittenango  creek,  where  it  enters  Oneida  lake. 
Such  specimens  are  rarely  perfect,  but  they  often  preserve  the  slender 
point,  even  when  broken  elsewhere.  This  curious  feature  suggests 
a  union  of  the  knife  and  drill.  It  has  scarcely  attracted  attention 
elsewhere,  nor  are  good  examples  frequent  in  New  York.  The  points 
are  too  neatly  worked  to  have  been  accidental,  and  they  are  too 
delicate  for  any  rough  usage,  thus  leaving  their  purpose  to  be  con- 
jectured. 

Fig,  70  is  quite  another  type,  having  convex  edges  and  a  slender 
base.  It  is  of  drab  flint,  two  and  one  quarter  inches  long,  and  may 
have  been  either  arrow  or  knife.  It  was  found-not  far  south  of  the 
Seneca  river.  The  point  is  rounded,  which  is  its  main  distinction 
from  the  next.  Fig,  71  is  not  quite  two  inches  long,  and  is  of  black 
flint,  with  sharp  and  thin  edges  all  around.  It  is  found  in  the  same 
vicinity,  and  the  same  remarks  apply  to  its  use.    This  is  straight  and 
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symmetrical,  but  m  some  examples  the  surface  is  so  distinctly 
curved  as  to  Teave  no  doubt  of  their  being  knives.  This  is  true  of 
other  fonns. 

Fig.  72  is  an  unusual  form  of  the  triangular  arrow  ot  knife,  hav- 
ing a  truncate  base  and  convex  sides.  It  is  of  ccwnmon  flint,  one  and 
one  quarter  inches  long  and  very  thin.  This  comes  from  Owego, 
on  the  Susquehanna,  and  is  quite  rare  in  this  state,  and  probably 
elsewhere.  Neither  the  truncate  base,  nor  the  convex  edges  are 
features  of  our  triangular  arrows.  Usually  the  base  is  indented,  and 
the  sides  straight,  but  in  larger  implements  both  features  may  appear, 
and  often  do,  separately  or  together. 

Fig.  73  is  a  broad,  notched,  and  finely  serrated  arrow-head  of  dark 
flint,  from  Seneca  river  and  one  and  seven  eighths  inches  long.  Dis- 
tinctly serrated  flints  are  quite  rare  in  New  York,  but  frequent 
farther  west  and  south.  Those  most  distinctly  serrated,  and  preserv- 
ing the  knife  or  arrow  form,  have  been  considered  saws,  and  might 
well  have  been  used  as  such.  This  was  Evans'  view  of  those  found 
in  Great  Britain,  but  it  has  met  with  but  moderate  endorsement  here. 
This  feature,  however,  is  so  conspicuous  in  some  that  they  will  here- 
after be  referred  to  as  saws  in  this  paper,  simply  as  a  possible  use. 

Fig.  74  is  a  thick  stemmed  arrow-head  of  dark  flint,  two  and  one 
half  inches  long,  and  found  on  Seneca  river.  It  is  distinctly  shoul- 
dered, and  has  a  convex  base  and  edges.  The  form  is  quite  common, 
f^'K-  75  's  of  quite  a  different  character,  resembling  some  before 
figured,  but  with  a  narrower  base,  the  lateral  edges  also  presenting 
two  nearly  straight  lines.  This  is  two  and  one  eighth  inches  long, 
rather  thin  and  of  dark  common  hornstone,  from  the  same  vicinity. 
Fig.  76  is  quite  curious  in  form,  although  one  of  the  stemmed  arrows 
with  expanding  bases.  It  is  quite  thick,  while  at  the  same  time 
slender  in  outline,  and  is  of  dark  flint,  two  inches  long.  The  work  is 
rather  coarse. 

Fig.  77  is  almost  unique,  while  having  the  leading  features  of  some 
preceding  forms.  It  is  one  and  one  half  inches  wide,  and  but  one 
and  one  quarter  long,  broadly  shouldered,  and  with  a  concave  ex- 
panding base.  The  straight  edges  meet  at  an  obtuse  angle.  It  is  of 
light  colored  flint,  rather  thick,  and  like  the  last,  comes  from  the 
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Seneca  river.  The  base  has  a  double  curve.  It  is  a  fine  example  of 
a  rare  form. 

Fig.  78  shows  a  frequent  form  which  is  often  rude.  This,  however, 
is  neatly  made,  and  is  ridged  on  both  sides.  It  is  of  brown  flint,  two 
and  one  quarter  inches  long,  has  a  long  stem,  and  is  from  the  same 
place.  Such  forms  are  often  flattened  on  one  side,  and  ridged  on 
the  other.  Fig.  79  is  a  small  arrow  of  drab  flint,  rather  flat  and  a 
little  curved.  It  is  but  seven  eighths  of  an  inch  long,  stemmed  and 
broad.  This  is  also  from  the  Seneca  river.  Triangular  arrows  are 
found  there  even  shorter  than  this. 

Fig.  80  represents  one  of  the  commonest  forms,  and  one  very  vari- 
able in  size,  material  and  finish.  They  are  usually  coarsely  made, 
and  probably  were  rapidly  finished  and  little  valued.  This  one  is  of 
black  flint,  and  is  one  and  one  half  inches  long.  They  are  often  much 
smaller,  and  on  many  sites  scarcely  any  thing  else  occurs.  In  assign- 
ing these  small  points  to  boys,  the  fact  has  been  overlooked  that  the 
efficiency  of  an  arrow-head  was  not  in  proportion  to  its  size.  Its 
office  was  simply  to  open  the  way  for  the  shaft  which  propelled  it, 
and  for  this  purpose  it  needed  only  to  be  sharp  and  slightly  larger 
than  the  shaft  itself.  Thus  Verrazano,  in  1524,  found  the  Long 
Island  Indians  using  arrows  tipped  with  fish  bones,  while  farther  east 
many  had  them  tipped  with  stones.  In  an  account  of  New  England 
indians,  written  in  1620,  it  is  said,  '  For  their  weapons  they  have 
bowes  and  arrowes,  some  of  them  headed  with  bone,  and  some  with 
brasse.'  Capt.  John  Smith  said  that  the  Indians  of  Virginia  had 
many  arrows  headed  with  bone.  Others  used  shaq)  stones,  turkey 
spurs,  or  birds'  bills.  The  Sasquehanocks  whom  he  met  in  1608, 
had  arrows  a  yard  and  a  quarter  long, '  headed  with  flints  or  splinters 
of  stones,  in  forme  like  a  heart,  an  inch  broade,  and  an  inch  and  a 
halfe  or  more  long.' 

It  will  be  observed  that  the  writer  differs  from  some  on  the  true 
distinctions  of  arrow-heads,  while  following  the  usual  classiBcation 
as  a  matter  of  convenience.  The  small  points  were  not  made  merely 
for  children,  but  were  useful  to  men.  Length  is  a  less  essential 
feature  than  breadth,  and  some  long  and  slender  forms  may  have 
been  used  as  arrows,  where  shorter  and  broader  forms  were  not. 
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Obviously,  half  an  inch  added  to  the  width,  or  a  doubling  in  thick- 
ness, would  have  produced  more  resistance  in  the  air  than  a  much 
greater  increase  in  length.  At  the  same  time,  for  certain  purposes 
and  where  the  range  was  short,  as  in  the  shooting  of  bears  or  fish, 
neither  an  increase  in  weight  or  breadth  would  have  been  a  disad- 
vantage. In  a  general  way,  more  than  one  form  would  be  found  in 
the  quiver,  even  while  a  special  object  was  kept  in  view.  Sir  John 
Franklin  unexpectedly  met  a  party  of  Eskimo  in  1825.  These  at 
once  changed  their  hunting  arrows  for  those  of  war,  showing  that 
they  were  well  supplied  with  both.  This  distinction  of  kinds  proba- 
bly went  much  farther.  The  hunting  arrows  themselves  were 
adapted  for  different  kinds  of  game. 

Fig.  81  is  another  of  these  small  arrow-heads,  made  of  dark  flint, 
and  one  and  one  quarter  inches  long.  Fig.  82  is  a  little  smaller,  being 
one  and  one  eighth  inches  in  length.  Fig.  83  is  a  fine  arrow  of  white 
quartz,  two  inches  long.  All  these  are  from  the  Seneca  river,  and 
others  of  these  simple  stemmed  forms  present  many  variations. 

Fig.  84  is  a  large  and  broad  arrow-head  of  drab  flint,  from  Onon- 
daga lake.  It  is  quite  thin,  and  is  two  and  one  quarter  inches  long. 
This  would  have  served  quite  as  well  for  a  knife,  and  is  notched  and 
well  worked.  Fig.  85  is  from  the  same  vicinity,  and  is  more  dis- 
tinctly notched,  and  also  much  narrower.  It  is  of  blue  flint,  and  is 
two  and  one  eighth  inches  long.  The  base  is  slightly  wider  than  the 
blade.  This  form  is  quite  frequent  in  larger  sizes.  Fig.  86  is  a  very 
neat  notched  arrow-head,  from  the  same  place.  It  is  made  of  com- 
mon hornstone,  and  is  one  and  three  quarters  inches  in  length,  being 
.both  thin  and  symmetrical.  Fig.  87  is  quite  curious,  and  comes  from 
Oak  Orchard,  on  the  Oneida  river.  It  is  made  of  olive  slate,  of 
uniform  thickness,  and  the  edges  alone  are  worked,  much  like  a 
scraper.  Arrows  made  of  stratified  material  are  hardly  rare,  but 
slates  like  this  are  seldom  seen  adapted  to  such  uses. 

Fig.  88  is  a  large  barbed  arrow,  nearly  two  and  one  quarter  inches 
in  length,  and  made  of  a  bluish  drab  flint,  variegated  with  white 
quartz.  It  was  found,  with  others  of  similar  material,  near  Three 
River  Point,  The  barbs  are  well  preserved,  and  the  work  is  good. 
Fig.  89  is  a  small  notched  arrow  of  brown  flint,  one  inch  long,  and 


.dbyGoOgIc 

\ 


36  NEW  YOKK   STATE   MUSEJUH 

comes  from  Seneca  river,  where  many  of  this  form  have  been  col- 
lected. Fig,  90  is  another  neat  little  arrow-head  from  Onondaga 
lake.  It  is  of  light  brownish  drab  flint,  one  and  one  eighth  inches 
long.  It  has  a  wide  base,  and  is  almost  barbed.  Fig.  91  is  a  rare  and 
beautiful  form  of  the  angular  arrow-heads  with  parallel  lateral  edges. 
It  is  quite  deeply  notched,  and  differs  from  those  already  figured  in 
the  graceful  concave  sweep  of  the  broad  base.  This  unique  article, 
of  dark  flint,  and  about  one  and  one  quarter  inches  long,  was  found 
at  Newark  Valley,  Tioga  county. 

Fig.  92  is  a  small  beveled  arrow  of  dark  flint,  from  the  west  shore 
of  Cross  lake,  and  is  waterworn.  Many  articles  arc  found  in  this 
condition  in  streams  and  on  shores.  This  has  a  stem  broadly  in- 
dented on  three  sides,  and  is  of  unusual  form  for  an  article  of  this 
description.  It  is  ome  and  three  eighths  inches  in  length,  and  like  all 
of  its  class,  might  easily  be  considered  a  form  of  scraper. 

Fig.  93  has  also  a  concave  base,  but  much  narrower.  It  is  shoul- 
dered, and  has  a  finely  serrate  edge,  of  irregular  outline.  The  form 
is  that  of  many  Ohio  specimens,  and  it  is  of  a  dark  flint,  one  and 
one  half  inches  long.  It  was  found  near  Three  River  Point.  Fig,  94 
shows  a  very  neat  and  unusual  form  of  the  notched  base  arrows,  but 
it  has  the  three  conspicuous  concavities  which  mark  the  last  two 
examples.  The  point  is  broadly  rounded,  and  while  the  length  is  but 
little  over  an  inch,  the  width  is  seven  eighths  of  an  inch,  from  point 
to  point.  It  is  of  common  flint,  and  was  found  at  Newark  Valley. 
Fig.  95  is  classed  as  an  arrow-head,  but  is  much  like  the  flints  so  often 
found  in  caches,  although  smaller  than  most  of  these.  It  is  of  a  light 
brownish  grey  flinty  limestone,  and  is  quite  thin  and  sharp.  The 
length  is  two  and  three  eighths  inches,  and  it  was  found  on  the  Seneca 
river.  Although  this  form,  being  symmetrical,  is  popularly  classed 
with  the  arrows,  its  proper  place  seems  to  be  among  the  knives. 

Fig,  96  is  a  pretty  stemmed  and  shouldered  arrow-head  of  red 
jasper,  from  Baldwinsville,  and  is  but  little  over  one  and  one  half 
inches  in  length.  While  articles  of  yellow  jasper  are  quite  frequent 
in  New  York,  those  of  red  jasper  are  rare,  and  sometimes,  even  then, 
the  color  may  have  been  changed  by  heat.  Fig.  97  has  much  the 
same  outline,  but  is  distinctly  grooved  at  the  base.     It  is  a  fine 
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article,  of  blue  flinty  limestone,  and  is  one  and  five  eighths  inches  long. 
It  comes  from  the  same  vicinity.  From  its  general  width  Fig,  98 
would  be  called  an  arrow-head  by  many,  and  yet  its  general  character 
is  that  of  a  perforator.  The  worn  appearance  of  the  point  tends  to 
confirm  this  view,  though  this  may  have  come  in  other  ways,  as  in 
digging,  for  which  it  seems  partially  fitted.  There  are  so  many  forms 
intermediate  between  the  arrow  and  the  drill,  that  it  is  now  described 
with  the  former,  in  spite  of  a  strong  conviction  that  it  belongs  to 
the  latter.  It  is  coarsely  flaked,  and  is  two  and  one  eighth  inches 
long.    This  also  is  from  the  Seneca  river. 

Fig.  99  is  of  purplish  flint,  thick  and  smooth,  and  is  two  inches 
long.  It  is  a  form  not  so  common  in  arrows  as  in  spears,  and  this 
is  round  pointed.  The  rounded  base  is  found  almost  everywhere, 
but  perhaps  is  nowhere  very  common.  This  fine  specimen  is  from 
the  Seneca  river,  where  the  larger  forms  sometimes  occur.  Fig.  100 
is  a  triangular  arrow-head  of  common  homstone,  from  Onondaga 
lake.  Its  special  feature  is  the  straight  and  expanded  base,  which 
is  also  quite  sharp.    The  length  is  one  inch. 

Fig.  loi  is  a  broken  article,  but  given  to  show  a  good  example  of 
what  has  been  called  here  the  needle  point.  It  is  very  attenuated, 
and  the  section  added  will  show  how  thin  and  delicate  it  is  in  every 
way.  This  fragment  is  of  very  thin,  dark  blue  flint,  now  about  two 
inches  long,  and  nearly  one  and  one  quarter  wide.  It  was  found 
on  the  Seneca  river,  where  similar  specimens  sometimes  occur, 
though  not  very  often.  If  found  elsewhere  they  have  not  been 
reported,  but  they  are  so  often  broken  that  they  may  have  escaped 
attention. 

A  large  proportion  of  the  arrow-heads  figured  are  from  Onondaga 
county  and  vicinity,  partly  because  these  were  easily  accessible,  but 
partly,  also,  because  there  they  are  found  in  greater  variety  than  in 
most  other  places,  this  arising  from  natural  causes  very  important  to 
primitive  man.  Notable  forms  from  other  parts  have  been  figured 
when  possible. 

While  it  is  of  importance  to  know  how  widely  some  leading  forms 
are  distributed,  and  what  is  their  comparative  abundance,  the  study 
of  man's  early  history  here  requires  that  some  unusual  forms  should 
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be  recorded  and  illustrated.  These  are  often  the  links  which  serve 
to  connect  widely  separated  sites.  The  knowledge  already  gained 
of  the  primitive  articles  used  by  the  Iroquois,  three  centuries  ago, 
has  tecome  of  great  and  increasing  value,  and  will  hereafter  aid  in 
solving  many  problems.  Different  nations  and  ages  had  differing 
fashions,  and  the  characteristic  articles  used  and  left  beliind,  will 
throw  much  light  on  the  early  people  of  New  York.  To  collect  these 
articles  for  careful  comparison,  to  illustrate  them  so  faithfully  that 
distant  students  may  have  the  most  significant  facts  before  them,  is 
something  worthy  of  the  attention  of  a  state  which  has  already  done 
so  much  in  the  cause  of  science. 


As  with  arrows,  so  is  it  difficult  to  place  an  exact  line  between 
knives  and  spears.  Indeed  the  primitive  spear  may  often  have  been 
but  a  knife  fastened  to  the  end  of  a  long  pole,  as  men  in  more  recent 
times  have  armed  themselves,  when  lacking  suitable  weapons.  Even 
arrow-heads  may  have  been  put  to  the  same  use  in  time  of  need. 
Spears  and  knives  may  both  have  been  leaf-shaped,  stemmed  or 
notched,  and  may  not  differ  in  the  least  in  outline.  Often  the  thick- 
ness and  sharpness  are  the  only  distinctive  features.  As  regards  size, 
this  does  not  affect  knives,  but  usually  small  points  are  called  arrows, 
and  the  large  ones  spears. 

Dr  C.  C.  Abbott  made  a  division  of  spears  and  lances,  while 
L.  H,  Morgan,  in  his  League  of  the  Iroquois,  omits  spears  from  his  ' 
description  of  their  weapons.  In  his  subsequent  account,  in  the 
Regents  report  for  1852,  he  says  that  they  did  not  use  them,  and 
although  he  simply  asserted  this  it  was  not  without  some  reason. 
Spears  do  not  generally  appear  in  early  pictures,  nor  are  they  usually 
mentioned  in  accounts  of  early  Indian  armor.  As  far  as  the  pictures 
go,  this  is  of  little  importance.  They  were  sometimes,  perhaps  usu- 
ally, drawn  by  European  artists  from  descriptions  given  them,  and 
they  availed  themselves  of  the  privileges  of  art.  ChampIaJn  expressly 
said  that  the  Mohawk  chiefs,  whom  he  killed  in  1609,  wore  arrow- 
proof  armor,  but  in  the  picture  they  are  as  naked  as  all  their  followers, 
Capt.  John  Smith  said  of  the  Virginia  Indians, '  They  of  Accawmack 
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use  staves  like  unto  javelins,  headed  with  bone.  With  these  they 
dart  fish  swimming  in  the  water.*  This,  however,  may  have  been 
like  the  early  Iroquois  bone  harpoon,  barbed  only  on  one  side.  The 
wooden  sword,  worn  on  the  back,  and  sometimes  with  a  deer's  antler 
inserted,  was  mentioned  by  him,  but  no  farther  described.  A  strong 
point  in  regard  to  use  is  that  on  no  Iroquois  site  in  New  York,  has 
any  early  article  been  found  which  could  be  called  a  stone  spear- 
head.   At  an  early  day  they  were  abundant. 

On  the  other  hand,  in  his  picture  of  Atotarho,  David  Cusick 
placed  a  spear  in  the  hand  of  one  of  the  messengers.  Bruyas  has 
allusions  to  spears  in  his  early  Mohawk  lexicon,  and  their  occasional 
use  may  be  inferred  from  the  Jesuit  relations,  but  somewhat  obscurely. 
The  Iroquois  sword,  whatever  that  may  have  been,  was  often  men- 
tioned. Schoolcraft  gives  the  word  for  spear  in  several  Iroquois  dia- 
lects, and  Zeisberger  uses  for  lance  the  i^nve  whidi  appears  in 
another  lexicon,  half  a  century  earlier.  One  Virginia  picture  has 
Indians  with  fishing  spears,  but  these  are  described  as  having  wooden 
points,  not  metal  or  stone.  A  weapon  so  useful  was  not  likely  to  be 
abandoned  until  a  substitute  was  found,  but  it  seems  certain  that  the 
large  stone  spear-head  was  not  generally  in  use  here  three  hundred 
years  ago.    History  and  archeology  agree  in  this. 

This  is  another  of  the  curious  proofs  of  a  change  in  race  and 
occupation,  Iroquois  and  Algonquin  alike  seem  to  have  known 
little  of  the  higher  stone  art  of  their  predecessors,  and  a  weapon  once 
everywhere  abundant,  had  almost  ceased  to  exist.  A  sweeping 
change  had  passed  over  the  land,  and  the  new  comers  did  not  inherit 
the  arts  of  the  old.  If  they  did  not,  how  could  they  have  been  their 
descendants?  Allowing  for  every  resemblance,  there  is  still  a  wide 
gulf  between  the  Indian  of  our  northern  and  eastern  states,  as  first 
known  to  the  whites,  and  those  who  preceded  him.  This  difference 
can  only  be  fully  appreciated  by  those  who  have  early  sites  of  a 
known  age,  to  examine. 

Spear-heads  vary  greatly  in  character,  and  still  more  in  size,  if  we 
make  the  minimum  two  and  one  half  inches  in  length.  In  many 
places  this  would  compel  us  to  reckon  more  spears  than  arrows;  and 
if  we  remember  the  vast  numbers  carried  off  —  for  these  naturally 
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first  attracted  attention  by  their  size  —  the  disproportion  will  appear 
still  greater.  At  the  time  of  colonization  and  earlier,  the  Indian's 
bow  and  arrows  almost  alone  attracted  attention.  If  the  larger  points 
are  all  spear-heads,  his  predecessors  must  have  been  as  conspicuous 
for  these.  The  difficulty  might  be  solved  by  supposing  the  bow  to 
have  been  a  very  recent  invention  in  America.  It  is  rather  probable, 
as  said  before,  that  we  have  placed  too  low  a  limit  on  arrows,  while 
forgetting  how  much  of  forest  and  river  archery  was  at  very  short 
range. 

This  significant  disproportion  will  appear  in  almost  any  good 
collection.  In  the  classified  list  prepared  by  Mr  A.  E,  Douglass,  he 
has  261  New  York  spears  and  963  arrows;  from  the  country  at  large 
2172  spears  and  8396  arrows,  or  less  than  one  fourth,  and  this  Would 
be  a  fair  proportion  elsewhere.  Now  in  New  York  no  spear-heads 
appear  on  Iroquoian  sites,  which  supply  many  small  stone  arrow- 
heads, so  that  the  New  York  proportion  of  early  spears  and  arrows 
will  be  yet  more  equal.  Supposing  the  bow  and  spear  were  at  first 
used  together,  we  would  conclude  that  the  arrow-heads  should  vastly 
exceed  the  spears;  but  under  the  present  classification  they  do  not. 
It  is  evident  that  this  subject  needs  reconsideration. 

While  speaking  of  this  it  may  be  well  to  say  a  few  wor^ls  farther 
upon  indian  arms,  which  here  included  both  less  and  more  than  is 
popularly  known. 

As  has  been  said,  early  accounts  make  no  direct  mention  of  the 
spear,  although  there  seem  allusions  to  it.  That  used  in  fishing  was 
altogether  of  a  different  kind.  The  bow  was  not  the  short  one,  so 
efficient  in  the  hands  of  horsemen,  but  rivaled  the  long  bows  of 
England,  while  the  arrows  often  exceeded  the  cloth  yard  shaft.  Capt. 
John  Smith  said  of  the  Sasquehanocks,  that  such  great  and  well  pro- 
portioned men  were  seldom  seen,  and  that  they  had  bows,  arrows 
and  clubs  in  proportion.  Their  arrows  were  five  quarters  of  a  yard 
in  length,  and  in  the  picture  of  one  of  their  chiefs,  his  bow  reaches 
above  his  head.  These  were  of  the  Iroquoian  family,  and  in  Cham- 
plain's  pictures  of  encounters  with  the  Iroquois  proper,  the  long  bow 
is  everywhere  seen.  We  may,  therefore,  conclude  that  this  bow,  still 
made  by  their  descendants,  was  that  commonly  used  in  our  forests 
in  early  days. 
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Of  the  making  of  the  bow  and  arrow  something  may  be  said  later, 
in  connection  with  some  peculiar  curved  scrapers,  admirably  adapted 
for  this  work,  but  yet  too  rare  to  have  been  commonly  used.  Capt. 
Smith,  again,  says  that  the  Virginia  Indians  made  their  bows  by 
scraping  them  with  shells,  and  the  Iroquois  may  often  have  done 
the  same,  as  they  used  shells  for  knives.  The  atrow  shaft  was 
straightened  in  several  ways,  and  the  Onondagas  have  not  lost  the 
art  yet.  It  was  headed  with  almost  any  hard  and  sharp  material,  or 
might  be  made  entirely  of  wood.  The  arrow  point  might  be  fastened 
merely  with  gum,  in  the  cleft  shaft,  or  be  bound  on  with  sinew  or 
thread.  An  Onondaga  recently  had  a  triangular  stone  arrow  given 
him  to  affix  to  a  shaft.  He  at  once  cleft  the  shaft,  inserted  the  stone, 
took  a  piece  of  thin  sinew,  dexterously  and  neatly  wound  it  about 
the  wood  and  stone,  and  the  arrow  was  ready  for  deadly  use.  Differ- 
ent nations  used  different  arrows.  Thus  the  Sasquehanocks  had 
stone  points,  shaped  like  a  heart,  an  inch  broad,  and  an  inch  and  a 
half  or  more  long.  It  is  probable  that  in  this  way  Capt.  Smith  de- 
scribed the  indented  triangular  arrow-head,  as  the  Sasquehanocks 
were  of  the  same  family  as  the  Iroquois.  The  latter  used  triangular 
arrows  almost  exclusively.  The  force  exerted  by  these  simple 
weapons  was  a  matter  of  surprise  to  the  colonists. 

Shields  were  everywhere  in  use  among  the  Iroquois  but  soon 
disappeared  before  firearms.  Smith  speaks  highly  of  those  of  the 
Massawomeks,  who  seem  to  have  been  either  the  Eries,  or  a  nation 
allied  to  tliem,  and  not  the  historic  Iroquois,  as  many  have  supposed, 
although  of  that  great  family.  Their  light  targets  were  '  made  of 
little  small  sticks,  woven  betwixt  strings  of  their  hempe  and  silke 
grasse,  as  is  our  cloth,  but  so  firmly  that  no  arrow  can  possibly 
pierce  them.'  There  was  evidently  nothing  like  these  in  Virginia, 
and  those  he  had  and  used  were  everywhere  recognized  at  once,  as 
were  their  other  arms.  Champlain  describes  the  armor  of  the  Mo- 
hawks in  1609,  very  briefly.  '  They  were  provided  with  arrow-proof 
armor,  woven  of  cotton  thread  and  wood.'  Corlaer  saw  a  sham  fight 
among  the  Mohawks  in  1634.  '  Some  of  them  wore  armor  and 
helmet  that  they  make  themselves  of  thin  reeds  and  strings,  so  well 
that  no  arrow  nor  axe  can  pass  through  to  wound  them.'  Similar 
passages  might  be  quoted  from  others. 
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The  Algonquins  used  shields  of  a  rectangular  form,  and  a  Dutch 
writer  of  1671  says  that  these  covered  the  body  up  to  the  shoulders. 
In  lighting  these  could  be  set  on  the  ground,  leaving  both  arms  free. 
A  Jesuit  father,  writing  of  a  Canadian  chief  in  1633,  said  that  he 
'  bore  with  him  a  very  large  buckler,  very  long  and  very  wide;  it 
covered  all  my  body  easily,  and  went  from  my  feet  up  to  my  chest. 
They  raise  it  and  cover  themselves  entirely  with  it.  It  was  made  of 
a  single  piece  of  very  light  cedar.  I  do  not  know  how  they  can 
smooth  so  large  and  wide  a  board  with  their  knives.  It  was  a  little 
bent  or  curved  in  order  the  better  to  cover  the  body;  and  in  order 
that  the  strokes  of  arrows,  or  of  blows  coming  to  split  it,  should  not 
carry  away  the  piece,  he  had  sewed  it  above  and  below  with  a  cord  of 
skin.  They  do  not  carry  these  shields  on  the  arm;  they  pass  the  cord 
which  sustains  them  over  the  right  shoulder,  protecting  the  left  side; 
and  when  they  have  aimed  their  blow  they  have  only  to  draw  back 
the  right  side  to  cover  themselves.' 

The  use  of  the  war  club  is  well  known,  and  this  implement,  with  or 
without  a  stone  axe  or  antler  inserted,  was  the  original  tomahawk. 
The  French  writers  often  speak  of  the  swords  of  the  Iroquois  and 
others,  but  without  any  precise  description.  They  were  sometimes 
fastened  to  poles  by  the  Algonquins  and  used  as  spears.  Stones^r 
shells  were  used  as  knives,  but  the  white  man's  knife  soon  supplanted 
these;  and  this  was  the  lot  of  the  stone  axe,  which  was  not  grooved 
among  the  Iroquois,  nor  was  it  usually  in  New  York  or  Canada. 
First,  the  French  trade  axe,  and  then  the  smaller  steel  tomahawk, 
became  favorites,  while  guns  took  the  place  of  bows  and  arrows. 

Although  spear-heads  present  a  few  varieties  in  New  York  not 
common  here  in  arrows,  so  many  are  essentially  the  same,  except  in 
size,  that  they  will  require  fewer  illustrations.  They  are  quite  often  of 
fine  or  showy  materials,  and  are  as  variable  in  coarseness  or  delicacy 
of  work  as  in  other  ways. 

Leaf  shaped  spear-heads  are  often  quite  large.  One  of  common 
flint,  from  Baldwinsville,  has  lost  half  an  inch  from  its  tip,  and  is  still 
nine  inches  long,  with  an  extreme  width  of  two  and  three  quarters 
inches.  The  base  is  neatly  rounded,  and  the  outline  that  which 
botanists  term  lanceolate.    This  form  is  common  and  when  thin  may 
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be  termed  a  knife.  Fig,  102  from  Oswego  county  is  a  fine  example 
of  this  type  of  spear.  It  is  of  pure  wfiite  flint,  and  six  and  one  half 
inches  long.  Articles  of  this  showy  material  are  frequent  there,  and 
are  usually  thin  and  finely  worked.  An  early  trail  crossed  that 
county  from  Oneida  lake  to  Lake  Ontario  and  the  St  Lawrence,  and 
the  many  travelers  lost  some  fine  articles  on  the  way.  Between  that 
trail  and  the  Hudson  river  very  few  of  the  best  early  relics  occur, 
as  the  Mohawk  presented  few  temptations  to  those  in  search  of  g:ame. 

I^ig-  103  has  a  straighter  base  than  the  last,  and  is  not  as  neat  in 
outline.  It  is  quite  thick,  being  eleven  sixteenths  of  an  inch  in  the 
short  diameter,  and  five  and  one  eighth  inches  long.  The  material 
is  grey  flint,  and  it  comes  from  the  east  side  of  Skaneateles  lake,  in 
the  town  of  Spofford.  Another  good  example  of  this  form  is  from 
the  east  end  of  Oneida  lake,  and  is  but  three  and  seven  eighths  inches 
in  length.  A  broad  and  fine  one,  with  a  slightly  concave  base,  from 
St  Lawrence  county,  is  of  white  quartz,  quite  neatly  chipped  for  this 
material.    It  is  four  inches  long  and  one  and  seven  eighths  broad. 

Fig.  104  is  an  example  of  a  frequent  and  variable  form,  having  a 
three-sided  base.  The  edges  may  be  straight  or  convex,  and  the 
thickness  varies  much.  This  comes  from  the  north  shore  of  Oneida 
lake,  and  is  of  black  flint,  five  and  five  eighths  inches  long,  and  half 
an  inch  thick.  These  could  only  have  been  spears.  A  fine  and 
larger  one  of  common  drab  flint,  from  Baldwinsville,  is  six  and  one 
half  inches  long  by  two  and  three  quarters  wide.  This  has  convex 
edges.  Flinty  limestone  is  a  frequent  material  for  these,  and  one 
from  near  Oneida  lake,  similar  in  form  to  the  last,  but  little  over  four 
inches  long,  is  made  of  birdseye  limestone.  Fig.  105  is  one  of  the 
finest  of  these,  made  of  common  flint,  and  is  seven  inches  long.  It 
is  very  neat  and  symmetrical,  and  the  form  is  the  one  so  common  in 
New  York  caches,  though  rarely  as  large  as  this.  Large  spears  of 
this  outline  are  not  rare. 

Those  of  a  more  triangular  form  are  often  knives,  but  spears  will 
be  found  among  them.  It  will  not  be  necessary  to  figure  many  of 
these,  or  even  to  describe  more  than  representative  forms.  A  broad 
and  massive  one  of  common  flint,  from  Onondaga  lake,  is  five  inches 
long,  and  has  a  width  of  nearly  two  and  three  quarters  inches.    The 


Digitized  byGoOgIc 


44  NEW  VORK   STATE  MUSEUM 

base  is  concave,  with  rounded  angles,  and  the  edges  gracefully  curve 
to  the  sharp  point  One  of  similar  length  and  general  outline,  from 
the  same  place,  is  little  more  than  half  this  width.  Fig.  io6  shows 
a  beautiful  spear  or  knife  of  fine  white  and  somewhat  translucent 
quartz,  from  Oneida  lake.  It  is  so  thin  and  even  that  it  might  well 
be  called  a  knife,  but  it  would  have  served  for  a  spear  quite  as  well. 
The  length  is  four  and  seven  eighths  inches,  and  it  is  scarcely  three 
eighths  of  an  inch  thick.  The  greatest  breadth  would  have  been  full 
two  inches,  had  not  an  angle  of  the  base  been  broken.  Another 
beautiful  example  of  dark  jasper,  from  the  shores  of  the  same  lake,  is 
nine  and  three  eighths  inches  long,  and  two  and  seven  eighths  wide. 
The  base  is  straight,  and  the  convex  sides  slightly  expand  toward 
the  center.  A  beautiful  lance-head  from  the  Oswego  river,  has  lost 
half  an  inch  from  its  point,  but  is  still  seven  and  three  quarters  inches 
long.  It  is  one  and  seven  eighths  inches  wide  at  the  slightly  curved 
base,  whence  it  tapers  to  the  point.  A  similar  one  of  grey  quartz, 
from  the  same  place,  is  five  inches  long,  and  two  inches  wide.  The 
straight  edges  taper  almost  to  the  point,  which  they  form  by  quickly 
curved  lines.  Fig.  107  is  a  very  handsome  one  of  white  mottled 
quartz,  three  and  live  eighths  inches  long,  and  is  also  from  Oswego 
county.  The  base  is  slightly  rounded,  almost  immediately  reaching 
the  extreme  width  of  one  and  five  sixteenths  inches,  and  thence  slop- 
ing in  nearly  straight  lines  to  the  point. 

Fig.  108  is  a  very  remarkable  specimen  in  every  way.  It  is  a 
fragment  of  a  very  large  spear  apparently,  and  is  very  evenly  chipped. 
The  material  is  a  dark  green  jasper,  and  the  straight  and  sharp  base 
is  four  inches  wide.  The  thickness  is  but  five  eighths  inches.  Nine 
inches  from  the  base,  where  it  is  broken,  it  is  three  inches  wide,  and 
if  continued  on  the  same  straight  lines  to  a  sharp  point,  it  would 
have  been  nearly  or  quite  three  feet  long.  It  is  hardly  probable  that 
this  could  have  been.  It  is  remarkably  fiat,  and  possibly  may  have 
been  used  as  an  axe,  the  base  forming  the  cutting  edge,  in  that  case. 

Stemmed  forms  occur,  with  and  without  notches.  Fig.  109  is  quite 
broad,  and  has  parallel  sides,  slightly  notched  at  the  expanded  base. 
The  point  is  quite  obtuse,  and  the  full  length  three  and  three  quarters 
inches,  with  an  average  breadth  of  one  and  Jive  eighths  inches.    The 
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material  is  a  brownish  drab  flint,  and  it  was  found  south  of  the  Oneida 
river.  It  would  have  served  quite  as  well  as  a  knife.  Fig.  iio  is  one 
of  the  simpler  forms,  with  rounded  stem,  but  ruder  than  in  some 
examples,  partly  from  its  material.  This  is  white  translucent  quartz, 
which  allows  little  opportunity  for  deHcate  work.  This  form  is  fre- 
quent in  many  materials,  and  a  beautiful  one  of  chalcedony,  with 
slightly  rounded  base,  and  four  and  one  eighth  inches  long,  comes 
from  the  town  of  Van  Biu-en,  south  of  the  Seneca  river.  It  is  quite 
broad,  with  convex  edges,  and  is  slightly  mottled.  A  much  larger 
one,  of  reddish  brown  jasper,  six  and  one  quarter  inches  long,  and 
three  inches  wide,  has  a  point  so  broad  and  rounded  as  to  suggest  a 
spade.  This  is  from  Brewerton,  and  is  coarsely  chipped,  though  fine 
in  outline. 

Fig.  Ill  is  a  fine  beveled  spear-head  of  drab  flint,  found  on  the 
Seneca  river  southwest  of  Three  River  Point.  It  is  three  and  seven 
sixteenths  inches  long,  and  about  one  and  one  eighth  inches  broad. 
This  is  narrow  for  a  beveled  spear-head,  and  of  course  there  is  a 
possibility  of  its  being  used  as  a  scraper.  In  this  example  there  is  a 
notch  in  each  lateral  edge  and  the  base  is  slightly  wider  than  the 
blade.  Simple  notched  forms  like  this  are  frequent  in  many  sizes 
and  materials,  but  beveled  implements  are  much  rarer.  Many  spear- 
heads occur  with  straight  sides,  but  these  are  rarely  parallel.  The 
last  four  figures,  all  on  one  plate,  are  represented  three  fourths  of 
the  actual  diameter. 

Fig.  112  is  a  fine  notched  spear-head,  with  a  small  base.  It  is  of 
common  flint,  six  inches  long,  and  the  greatest  width  is  nearly  mid- 
way, where  it  reaches  two  inches.  It  comes  from  Baldwinsvtlle,  and, 
like  most  spears,  is  quite  symmetrical.  One  much  like  it,  but  of  light 
blue  flint,  was  found  at  Cross  lake.  This  approaches  the  double 
notched  form.  Fig.  113  has  also  a  small  base,  and  one  perfectly 
simple.  It  is  of  a  grey  flinty  limestone,  and  comes  from  the  town  of 
Elbridge.  It  is  a  trifle  over  six  inches  long,  with  an  extreme  width 
of  one  and  three  quarters  inches,  and  is  very  symmetrical  and  neatly 
worked. 

Fig.  114  is  a  beautiful  notched  spear  or  knife,  made  of  a  material 
much  resembling  moss  agate,  and  often  used  in  these  larger  imple- 
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ments.  In  flaking,  this  does  not  produce  as  sharp  lines,  nor  always 
as  symmetrical  forms,  but  the  effect  is  often  fine.  This  is  broader 
than  usual  with  this  material,  and  is  almost  three  and  one  half  inches 
long.  It  comes  from  the  Seneca  river,  where  articles  of  similar 
material  often  occur. 

Fig.  IIS  's  a  very  slender  flint  spear-head  from  the  town  of  Wilna, 
Jefferson  county.  It  is  broadly  notched  near  the  base,  and  is  four 
and  one  quarter  inches  long,  with  a  width  of  much  less  than  an  inch. 
The  base  is  about  as  broad  as  any  part,  and  the  slender  form  is  not 

Fig.  1 16  is  much  like  one  already  described,  but  has  double  notches 
on  each  side,  although  of  a  different  character  from  those  usually 
found.  The  base  contracts  to  a  point,  and  the  notches  are  widely 
apart.  It  is  a  fine  article  of  light  grey  flint,  four  and  one  quarter 
inches  long,  and  was  found  in  Oswego  county,  north  of  Brewerton, 
and  half  a  mile  from  Oneida  lake.  The  double  notched  spears  seem 
more  common  in  that  vicinity  than  elsewhere,  but  this  specimen  is 
not  of  the  usual  type. 

Quite  massive  and  coarse  spear-heads  occur  in  several  places, 
usually  made  of  a  grey  quartzite,  unsuitable  for  fine  work.  Ong  of 
these,  from  Baldwinsville,  is  quite  thick,  and  six  inches  long  by  two 
and  one  eighth  inches  broad.  Fig.  1 17  is  a  good  example  from  the 
same  place,  which  is  five  and  one  half  inches  in  length.  Another 
from  Owego,  in  Tioga  county,  is  five  and  three  quarters  inches  long, 
with  an  extreme  width  of  two  and  three  eighths  inches.  In  this, 
however,  the  blade  quickly  contracts  above  the  notch,  giving  the 
implement  a  much  more  slender  appearance.  Articles  of  this  kind 
seem  quite  uniform  in  size.  Fig.  1 18  much  resembles  these  in  form, 
especially  the  last  described,  but  is  much  smaller,  and  of  a  variegated 
homstone,  a  little  over  two  and  one  eighth  inches  long,  but  the  point 
is  slightly  broken.    It  comes  from  the  Oswego  liver. 

A  broad  form  of  the  material  resembling  moss  agate  has  been 
already  given.  They  are  usually  longer  and  more  slender.  One  of 
this  description  is  from  Baldwinsville,  and  is  five  inches  long.  It  is 
a  very  fine  example,  a  little  un symmetrical,  rather  broadly  notched, 
and  might  be  called  a  knife  if  it  were  sharper.    Fig.  119  is  one  of  the 
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finest  of  these,  but  has  lost  the  extreme  point,  having  been  originally 
a  little  over  five  inches  long.  It  has  two  notches  on  each  side,  and 
the  surface  is  flatter  and  straighter  than  in  others  of  this  material, 
while  it  is  also  more  slender.  It  was  recently  plowed  up  near  Three 
River  Point. 

These  spears  and  arrows  with  more  than  one  notch  on  each  side 
are  but  moderately  rare,  and  are  of  wide  distribution  in  New  York, 
as  compared  with  other  parts  of  the  country.  Dr  Rau  figured  a 
broken  one  from  Maine,  made  of  brown  jasper,  whose  full  length 
would  have  been  six  and  one  quarter  inches.  He  marked  this  as 
■  quite  exceptional,'  and  it  had  three  notches  on  each  side.  It  is  of 
the  usual  New  York  form.  Dr  Abbott  did  not  place  this  among  his 
New  Jersey  forms,  nor  does  it  appear  in  Mr  Fowke's  chipped  imple- 
ments of  the  Mississippi  basin  and  the  southern  states.  The  writer 
does  not  find  it  in  his  collection  of  outlines  of  rare  articles  in  Ohio. 
One  occurs  in  the  collection  of  the  Canadian  institute,  in  Toronto, 
which  is  three  and  one  half  inches  long,  and  has  double  notches,  but 
there  it  is  also  called  rare,  and  more  have  come  under  the  writer's 
eye  in  central  New  York,  within  a  radius  of  a  dozen  miles,  than  have 
been  reported  in  all  the  country  elsewhere.  It  might  be  considered 
a  New  York  form. 

A  broken  one  of  white  flint  comes  from  the  Seneca  river,  and  has 
two  distinct  broad  notches  on  each  side,  with  others  which  are  ob- 
scure. This  fragment  is  now  two  and  three  quarters  inches  long,  with 
straight  edges,  tapering  from  a  base  one  and  one  half  incites  wide. 
The  original  length  would  have  been  four  and  one  half  inches,  unless 
it  had  a  rounded  obtuse  point,  as  in  the  next.  Fig.  120  is  a  fine 
article  from  Oswego  Falls,  and  is  of  greenish  white  flint,  four  and 
three  eighths  inches  long.  The  double  notches  are  much  more  dis- 
tinct than  in  the  fragment  just  described.  One  of  white  flint  comes 
from  the  Mohawk  valley,  and  is  five  inches  long,  with  three  notches 
on  each  side.  Another,  made  of  red  jasper,  is  from  Brewerton,  and 
is  three  inches  long,  with  double  notches.  Similar  ones  occur  there. 
A  well  wrought  one  of  drab  flint,  from  the  same  place,  is  three  and 
one  half  inches  long,  and  has  double  notches.  A  smaller  and  broadly 
triangular  specimen,  of  common  flint,  comes  from  Skaneateles  lake. 
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It  has  double  notches,  and  is  two  and  seven  eighths  inches  long. 
Fig.  134  was  inadvertently  placed  out  of  its  proper  order,  but  is  in 
every  way  the  finest  of  these  yet  found.  The  material  is  clouded 
quartz,  and  thus  the  flaking  produced  no  conspicuous  hnes  on  tlie 
surface,  but  the  outline  is  very  neatly  wrought.  It  is  six  and  one 
half  inches  long,  and  was  found  in  removing  a  stump  three  quarters 
of  a  mile  north  of  Brewerton,  in  1896.  It  is  flat  and  thin,  and  nearly 
two  inches  wide,  but  its  prominent  feature  is  the  number  of  notches, 
five  on  one  edge  and  six  on  the  other.  The  base  is  truncate,  and  the 
edges  slightly  curving  to  the  sharp  point. 

Fig.  121  is  a  good  example  of  a  thin  and  narrowly  notched  spear- 
head of  common  homstone,  quite  sharp,  and  attenuated  at  the  point. 
It  is  about  two  and  five  eighths  inches  long,  and  is  a  very  frequent 
form.  This  specimen  is  from  the  Seneca  river,  as  is  the  next.  Fig. 
122  is  also  of  homstone,  but  quite  thick,  and  shghtly  shouldered. 
The  base  is  long,  and  does  not  expand,  but  is  rounded  at  the  end.  It 
is  three  and  one  eighth  inches  from  extreme  base  to  the  point,  and  is 
typical  of  a  large  class,  very  widely  distributed. 

Fig.  123  is  a  notable  spear-head  from  Owego,  near  the  Susque- 
hanna river.  It  is  of  a  blue  grey  flint,  seven  and  one  quarter  inches 
long,  and  is  a  very  rare  if  not  unique  form.  Either  end  might  have 
been  used  for  a  spear,  had  occasion  required,  but  apparently  this  was 
the  office  of  the  longer  and  slender  part.  This  had  mostly  concave 
edges,  rounding  to  the  point.  The  shorter  and  broader  portion  has 
convex  edges  throughout.  The  whole  implement  is  neatly  wrought 
throughout. 

Some  stemmed  spear-heads  have  concave  bases;  perhaps  no  great 
distinction,  and  yet  one  which  has  attracted  attention.  Many  others, 
slender,  but  of  the  notched  arrow  form,  are  made  of  white  flint,  a 
favorite  material  for  spears,  but  obviously  brought  a  long  distance. 
While  fine  examples  they  present  few  peculiar  features.  Stemmed 
spear-heads  with  a  convex  expanding  base  are  also  frequent,  and  are 
usually  notched.  Fig,  125  shows  a  parallel  sided  form  from  Skane- 
ateles.  It  is  of  drab  flint,  two  and  seven  eighths  inches  long,  and  one 
and  one  eighth  inches  wide.  While  it  is  notched,  the  general  outline 
is  a  long  pentagon.    Much  like  this,  but  larger,  is  one  from  Queens- 
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bury.  Judging  from  collectors'  reports,  fine  spears  may  not  be  fre- 
quent in  that  part  of  New  York.  In  the  former  Wagman  collection, 
made  at  Saratoga  and  near  Lake  George,  but  36  spear-heads  were 
catalogued.  The  largest  was  six  and  one  half  by  two  inches,  and 
another,  six  by  one  and  one  half  inches,  had  serrate  edges.  This 
collection  was  sold  and  dispersed  in  1886,  In  Holden's  History  of 
the  town  of  Queensbury,  however,  we  are  told  that  arrows,  spears,  and 
other  Indian  relics  are  found  at  every  carrying  place  between  Albany 
and  Montreal,  and  this  we  might  have  expected.  Mr  Holden  adds 
that  while  gun  flints,  bullets,  stone  arrows  and  spears  were  spread 
broadcast  in  Queensbury,  there  were  particular  places  where  they 
were  found  abundantly. 

Out  of  the  many  examples  of  spear-heads  but  one  more  will  be 
noted  now.  Fig.  124  is  a  broad  and  thin  chalcedony  implement  from 
Baldwinsville.  It  is  triangular,  with  an  indented  base  and  convex 
edges.  The  length  is  four  and  one  eighth  inches,  and  it  is  a  little 
over  two  inches  wide.  One  peculiarity  of  this  fine  article  is  the  neat 
and  small  notches,  which  are  almost  circular. 

KNivsa 

The  ruder  forms  of  knives  require  but  slight  attention,  as  almost 
any  flake  or  piece  of  hornstone  might  serve  a  temporary  purpose, 
whether  large  or  small.  Early  accounts  show  us  an  extensive  use  of 
bivalve  shells,  with  or  without  alteration.  Few  of  these  can  be  found 
now,  but  the  rude  stone  knives  are  abundant  in  many  places,  and  are 
interesting  as  showing,  not  so  much  progress  in  economic  arts,  as 
the  frequent  utilizing  of  otherwise  waste  material.  A  flint  chip  was 
neatly  edged  on  one  side,  or  more,  and  did  all  that  was  required 
without  farther  elaboration.  Fig.  126  is  the  type  of  many  rather  large 
and  straight  pieces,  triangular  in  section,  which  were  often  used  as 
knives,  and  might  have  served  for  scrapers.  One  angle  or  edge  is 
left  without  farther  work,  but  one  or  both  of  the  other  two  may  be 
delicately  chipped  for  more  effective  use.  Of  course  these  could  have 
been  employed  only  in  very  simple  ways.  This  one  is  of  grey  flint, 
and  comes  from  Seneca  river,  where  the  form  is  frequent  on  many 
camp  sites.  The  length  of  this  specimen  is  three  and  one  quarter 
inches,  and  one  angle  is  quite  obtuse. 
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Many  rude  knives,  large  and  small,  were  nearly  circular,  and  these 
also  will  require  but  slight  notice.  They  are  chipped  to  a  sharp  edge 
all  around,  and  may  sometimes  have  served  as  scrapers,  although  they 
do  not  have  their  peculiar  features.  The  leaf  shape  is  also  very  com- 
mon and  of  wide  distribution,  varying  from  very  small  to  very  large. 
A  very  long  one  of  brown  flinty  limestone,  seven  inches  in  length, 
has  a  surface  greatly  curved,  being  convex  on  one  side,  and  concave 
on  the  other.  The  concave  surface  is  a  large  single  flake,  except  for 
the  chipping  along  the  edge.  This  special  form  is  not  rare,  and  is 
almost  as  much  scraper  as  knife.  The  one  described  is  two  and  one 
half  inches  wide.  Another  of  dark  hornstone,  from  Oswego  Falls,  is 
a  typical  leaf-shaped  knife,  five  and  one  half  inches  long  by  two  inches 
broad. 

Fig.  127  is  interesting,  as  being  one  of  23  found  in  the 
mound  at  Greene,  Chenango  county.  It  is  of  yellow  jasper,  three 
and  three  quarters  inches  long  and  two  inches  wide,  and  may  have 
been  buried  there  long  after  the  mound  was  made.  In  the  Annals  of 
Bingkamlon,  it  is  stated  that  'At  one  point  in  the  mound  a  large 
number,  perhaps  two  hundred  arrow-heads,  were  discovered,  col- 
lected in  a  heap.  They  were  of  the  usual  form,  and  of  yellow  or  black 
flint.  Another  pile  of  60  or  more,  was  found  in  another  place  in 
the  same  mound.  A  smaller  leaf-shaped  knife  of  yellow  jasper,  two 
and  three  quarters  inches  long,  also  came  from  a  grave  in  Greene, 
as  reported,  but  may  also  have  been  from  tJiis  mound,  so  many 
articles  of  yellow  jasper  having  been  taken  from  it. 

A  very  large  and  rude  knife,  seven  and  one  quarter  inches  long, 
also  came  from  a  cache  of  19  pieces  at  Baldwinsville.  It  was 
an  unusually  rough  and  mixed  lot,  nearly  all  of  yellowish  jasper, 
tinged  with  brown.  Most  of  the  pieces  had  the  form  usual  in  caches, 
but  some  were  of  ruder  outlines,  and  a  few  could  only  have  been 
utilized  as  scrapers. 

Knives  which  are  elliptical,  or  of  a  long  diamond  form,  pointed  at 
both  ends,  are  often  very  fine,  and  are  by  no  means  rare.  Fig.  128  is 
of  drab  flint,  four  inches  long,  and  more  slender  and  pointed  than 
many  of  this  form,  besides  being  more  angular  in  the  center.  It  is 
quite  neatly  worked.    A  fine  one  of  yellow  jasper,  from  the  Oneida 
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river,  is  almost  a  true  ellipse,  live  inches  long  by  two  and  three  eighths 
inches  broad.  It  is  scarcely  pointed,  and  many  have  this  feature  in 
other  forms.  A  small  one  of  common  flint,  which  is  but  two  inches 
long,  differs  little  from  fig.  128  except  in  size.  Fig.  129  is  a  beautiful 
knife  of  light  blue  flint,  five  inches  long.  It  is  not  a  rare  fonn,  but 
with  this  outline  is  quite  as  often  a  scraper  as  a  knife.  Nothing  can  be 
prettier  than  iig.  130  which  is  of  a  beautiful  banded  white  flint,  three 
inches  long.  It  comes  from  the  town  of  Van  Buren,  some  miles 
south  of  the  Seneca  river.  Among  the  finest  of  this  form  is  a  very 
long  and  slender  one  from  Chautauqua  county.  It  is  1 1^  inches  lor^, 
two  and  three  quarters  inches  wide,  and  about  a  quarter  of  an  inch 
thick  near  the  two  sharp  points.  The  edges  present  so  symmetrica! 
a  curve  that  the  outline  may  be  reproduced  from  these  measurements. 
It  was  a  surface  find. 

Three  small  elliptical  flint  knives  are  represented  by  the  following 
numbers,  all  from  Seneca  river.  These  are  commonly  less  than  two 
inches  long,  but  may  reach  seven  inches.  Fig.  131  is  one  of  the  small 
specimens,  made  of  common  flint.  It  is  one  and  five  eighths  inches 
long.  Fig.  132  is  of  similar  outline,  but  made  of  dark  blue  flint,  and 
of  the  same  length.  It  is  a  neater  article.  Fig.  133,  of  grey  limestone, 
is  more  slender,  and  is  pointed.  The  point  and  part  of  the  edges  are 
slightly  ground.  It  is  two  inches  long.  Specimens  like  these  were 
once  quite  frequent. 

Many  stone  knives  approach  what  we  call  a  knife  form,  and  vary 
much  in  size.  One  of  brown  flint,  four  and  three  eighths  inches  long, 
is  but  moderately  curved  in  its  outline,  while  others  are  conspicuously 
so.  A  black  flint  knife,  three  and  one  half  inches  long,  found  on  the 
Oswego  river,  is  very  distinctly  curved  in  this  way.  Fig.  135  is  of 
this  curved  form,  and  is  quite  thin  and  sharp.  It  seems  to  have  had 
a  straighter  part  of  some  length,  for  insertion  in  a  handle.  This  has 
been  partly  broken  ofl,  but  the  remainder  of  the  implement  is  still 
three  and  one  quarter  inches  long.  It  is  of  brown  flint,  and  comes 
from  the  Seiieca  river,  Evans  described  some  curved  knives  in  Great 
Britain,  much  like  these,  and  thought  them  peculiar  to  that  land,  but 
could  assign  no  use  for  them.  They  seem  well  adapted  for  several 
purposes,  but  their  very  form  suggests  the  knife,  alike  available  in 
war  or  buntit^.  ! 
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Fig.  136  is  somewhat  like  the  last,  and  from  the  same  river.  It  is 
much  thicker,  and  not  unlike  some  of  the  curious  scrapers  yet  to  be 
desoribed.  It  is  of  brown  flint,  three  and  one  quarter  inches  long,  and 
somewhat  twisted.  Several  have  this  feature.  Fig.  137  is  curiously 
curved,  but  is  typical  of  quite  a  group.  It  is  of  brownish  flint,  three 
end  five  eighths  inches  long,  and  comes  from  the  east  side  of  Skane- 
ateles  lake.  The  general  thickness  is  considerable,  "but  the  back  of 
what  might  be  called  the  handle  is  not  sharpened,  as  is  the  rest  of  the 
implement.  Another  curved  and  twisted  knife  of  common  flint  is 
six  and  one  quarter  inches  long.  All  of  this  type  vary  much  in  thick- 
ness and  neatness  of  work.  Fig.  138  may  be  classed  with  these, 
though  with  quite  a  different  outline.  One  edge  is  nearly  straight, 
and  the  other  much  curved,  the  surface  is  also  much  curved,  being 
concave  on  one  side,  and  rounded  on  the  other.  It  is  of  brownish 
flint,  two  and  one  half  inches  long,  and  comes  from  the  Oswego  river. 

Some  of  the  most  delicate  knives  have  straight  bases  and  curving 
sides,  the  blade  being  broadest  toward  the  point.  Fig.  139  is  one  of 
these,  of  brown  flint,  delicately  worked,, and  three  inches  long.  This 
is  from  the  Oswego  river,  and  is  typical  of  many  others,  always  neatly 
finished,  but  often  broken.  Another  from  Three  River  Point  is  of 
yellow  jasper,  four  and  one  eighth  inches  long.  Tliis  is  also  a  firte 
example.  A  longer  and  neatly  worked  specimen,  made  of  brown 
flint,  and  five  inches  long,  is  from  the  east  end  of  Oneida  lake.  Evans 
called  a  similar  form  in  Great  Britain  a  dagger,  and  it  readily  sug- 
gests that  weapon,  though  usually  rather  frail  for  any  rough  usage. 

Another  frequent  form  of  knife  in  some  places  is  thin,  parallel 
sided,  and  broken  squarely  off  at  each  end,  as  though  by  design. 
They  are  somewhat  local,  and  on  many  sites  are  never  found.  Fig. 
141  represents  one  of  these,  of  common  flint,  thin  and  bent,  and  two 
and  three  quarters  inches  long.  This  is  from  the  Seneca  river,  where 
almost  all  have  been  found  on  two  or  three  sites.  One  from  Queens- 
bury,  three  and  one  quarter  inches  long,  seems  much  like  these. 

Triangular  forms,  with  straight  or  convex  sides,  are  common,  and 
hardly  require  illustration.  Tliey  vary  much  in  width  and  thickness, 
and  reach  five  inches  in  length,  but  are  usually  less.  They  are  often 
curved  on  the  surface,  and  are  sometimes  quite  broad.    Fig.  142  is 
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one  out  of  a  number  of  narrow  knives  of  this  form,  all  found  on  one 
small  site  on  the  Seneca  river.  They  varied  from  three  to  four  and 
one  half  inches  in  length,  and  were  very  thin  and  sharp.  From  their 
numbers  and  uniform  character,  it  is  probable  they  were  scattered 
from  a  cache.  The  one  figured  is  four  and  one  half  inches  long,  and 
one  and  one  eighth  inches  broad.  One  of  the  finest  of  this  form  is  of 
striped  jasper,  five  inches  long,  and  comes  from  Oneida  lake.  This, 
however,  has  curving  edges,  and  is  broadest  near  the  center,  A 
broader  form  than  that  last  figured,  appeared  in  a  lot  of  125  like 
specimens  in  a  grave  in  Bellona,  near  Seneca  lake.  A  few  are  nearly 
long,  straight  sided  triangles.  Some  knives  have  the  simple  pen- 
tagonal form,  so  common  in  caches,  and  these  are  sometimes  bent. 
This  peculiarity  is  frequent  in  notched  forms,  usually  classed  as 
knives  because  of  this.  Fig.  146  shows  an  arrow  form  thus  bent.  In 
one  instance  a  broad  notched  form  from  Oswego  Falls,  three  inches 
long,  has  a  distinct'  double  curve  of  the  surface.  Other  notched 
forms,  and  some  of  the  simpler,  may  not  have  an  equilateral  blade. 

Fig.  143  is  a  fine  knife  of  grey  limestone  from  Cross  lake,  much  like 
the  Queensbury  knife  just  mentioned.  It  is  truncate  at  each  end, 
three  and  five  eighths  inches  long,  one  and  one  quarter  inches  broad 
in  the  middle,  where  it  is  widest,  and  is  somewhat  thick.  Fig.  140  is 
a  small,  slender  knife,  approaching  the  drill  form,  if  not  an  implement 
of  that  kind.  It  is  of  variegated  flint,  two  inches  long,  and  comes 
from  Seneca  river.  Fig.  144  is  a  coarse  and  heavy  curved  knife  of 
homstone,  from  Onondaga  lake.  It  is  five  inches  long  and  two  and 
one  quarter  broad,  with  nearly  parallel  edges.  This  is  quite  a  fre- 
quent form.  Fig.  145  is  the  ordinary  leaf-shaped  knife  found  almost 
everywhere.  This  is  of  common  flint,  three  and  one  half  inches  long. 
In  other  examples  it  would  vary  in  size,  length  or  breadth,  ranging 
from  broad  to  narrow,  and  similar  differences  will  be  observed  in 
every  form  here  represented. 

SPADGB  OR  HOBS 

Spades  are  of  very  uncertain  character,  and  some  articles  possibly 
used  as  such  might  be  considered  spears,  knives,  or  even  rude  celts. 
Few  are  found  that  we  can  call  spades  and  nothing  more.    The  early 
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visitors  had  little  use  for  those  of  stone  here,  as  they  came  for  hunting 
and  fishing,  and  not  to  till  the  soil.  The  Iroquois,  who  were  an 
agricultural  people,  used  stone  as  little  as  possible,  and  made  their 
hoes  and  digging  tools  of  wood  or  bone;  mostly  the  former.  In 
Bruyas'  Mohawk  lexicon,  about  two  centuries  old,  onarate  is  the 
wooden  hoe,  but  there  is  no  word  for  spade,  which  they  would  only 
use  in  digging  post-holes,  or  pits  for  caches,  where  the  hoe  would  be 
quite  as  serviceable.  In  the  early  book  called  New  England  prospect, 
it  is  said  that  part  of  the  women's  work  was  '  their  planting  of  come, 
wherein  they  exceede  our  English  husband-men,  keeping  it  so  clear 
with  their  clamme  shell-hooes,  as  if  it  were  a  garden  rather  than  a 
come-field.'  Loskiel  said  of  the  cultivation  of  corn  '  They  used 
formerly  the  shoulder  blade  of  a  deer,  or  a  tortoise-shell,  sharpened 
upon  a  stone,  and  fastened  to  a  thick  stick,  instead  of  a  hoe.'  In 
Van  der  Donck's  New  Netherlands  are  interesting  notes  on  points 
connected  with  Indian  agriculture,  although  their  implements  are  not 
described,  '  They  say  that  their  corn  and  beans  were  received  from 
the  southern  Indians,  who  received  their  seed  from  a  people  who 
resided  still  further  south,  which  may  well  be  true.     .  The 

maize  may  have  been  among  the  Indians  in  the  warm  climate  long 
ago;  however,  our  indians  say  that  they  did  eat  roots  and  the  bark 
of  trees  instead  of  bread,  before  the  introduction  of  indian  corn,  or 
maize.'  They  had  beans  before  the  whites  came,  and '  have  a  peculiar 
way  of  planting  them,  which  our  people  have  learned  to  practise: 
when  the  Turkish  wheat,  or  as  it  is  called,  maize,  is  half  a  foot  above 
the  ground,  they  plant  the  beans  around  it,  and  let  them  grow  to- 
gether. The  coarse  stalk  serves  as  a  bean  prop,  and  the  beans  run 
upon  it.'    The  Onondagas  have  a  pretty  story  about  this. 

In  the  fall  they  burned  over  the  places  which  they  wished  to  plant 
the  next  spring.  There  are  many  accounts  of  the  large  caches  in 
which  they  kept  their  corn,  and  these  are  yet  found  in  many  places, 
while  the  corn  itself  is  often  plowed  up.  One  piece  of  woodland  in 
Montgomery  county  is  full  of  the  open  pits,  but  the  Iroquois  also 
stored  corn  in  boxes  made  of  bark,  and  sometimes  had  vast  amounts 
of  this.  The  cache  method,  however,  was  very  common,  and  in  the 
pits  both  corn  and  beans  were  stored.    In  his  earty  account  of  the 
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Mohawks,  the  Rev.  Johannes  Megapolensis  says, '  When  their  corn 
is  ripe,  they  take  off  the  ears  and  put  them  in  deep  pits,  and  preserve 
them  therein  the  whole  winter.'  A  fuller  account  will  be  found  in 
the  New  England  prospect.  '  Their  com  being  ripe,  they  gather  it, 
and  drying  it  hard  in  the  sunne,  conveigh  it  to  their  bames,  which  be 
great  holes  digged  in  the  ground  in  forme  of  a  brasse  pot,  seeled  with 
rinds  of  trees,  wherein  they  put  their  come,' 

The  origin  of  Indian  com  is  a  question  of  much  interest,  and  a  great 
deal  has  been  written  upon  it.  Besides  what  has  been  said  above, 
Roger  Williams  gave  the  New  England  tradition:  'The  crow 
brought  them  at  first  an  indian  grain  of  come  in  one  eare,  and  an 
indian  or  French  beane  in  another,  from  the  great  god  Kautantouwit's 
field  in  the  southwest,  from  whence  they  hold  came  all  their  come 
and  beanes.'  Com  hills  were  large,  and  stood  well  apart.  They  are 
still  to  be  seen  in  some  New  York  woods,  and  the  cultivation  was 
very  simple.  Roger  Williams  has  a  note  on  what  he  thought  a 
curious  preference  in  tools:  'The  indian  women,  to  this  day,  (not- 
withstanding our  howes,)  doe  use  their  naturall  howes  of  shells  and 
wood.'  Spades  are  not  mentioned,  and,  bearing  this  fact  in  mind,  it 
is  quite  likely  that  those  stone  implements  of  New  York  which  resem- 
ble what  are  called  spades  elsewhere,  are  to  be  considered  hoes,  if 
they  were  really  digging  tools.  The  question  admits  of  reasonable 
doubt,  but  the  classification  may  be  allowed  lor  present  convenience. 
It  may  be  added  that  less  was  needful  for  digging  than  is  often  sup- 
posed. In  an  emergency  the  writer  has  been  surprised  to  see  how 
much  excavating  he  could  do  om  an  Indian  site  with  a  sharp  stick, 
or  a  broad  and  pointed  stone.  With  improvised  tools  and  plenty  of 
muscle  a  great  deal  could  be  easily  accomplished,  but  the  necessity 
for  this  was  so  rare  in  indian  life  that  little  faith  need  be  placed  in  the 
New  York  stone  spade. 

Fig.  147  represents  the  finest  of  these  articles  known  to  the  writer. 
It  is  a  leaf-shaped  implement  of  a  bluish  grey  stone,  and  came  from 
Oneida  lake,  where  it  was  plowed  up  in  1877.  The  average  thickness 
is  three  eighths  of  an  inch,  and  the  length  is  1 1 J  inches,  with  a  breadth 
of  five  and  one  quarter  inches.  This  and  the  two  following  figures 
are  reduced  to  about  two  thirds  of  the  actual  size.  It  is  sharpest  at 
the  broad  end.    This  article  seems  much  too  large  for  either  spear  or 
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knife,  though  both  these  have  been  found  quite  as  long,  and  it  may 
be  best  to  consider  it  a  digging  implement  for  the  present.  Smaller 
specimens  are  common,  with  a  similar  outline.  An  elliptical  one  of 
drab  flint,  five  and  three  quarters  inches  long,  also  came  from  Oneida 
lake.  Another,  with  straighter  sides,  is  from  Brewerton,  at  the  foot 
of  the  same  sheet  of  water.  This  is  of  grey  flint,  and  is  seven  and 
three  eighths  inches  long,  and  three  and  one  half  inches  wide.  This 
would  be  called  a  knife  but  for  its  size.  It  is  not  equilateral,  but  while 
one  of  the  lateral  edges  is  straight,  the  other  is  longer,  and  curves 
gradually  to  meet  it  at  the  point.  Quite  a  number  are  between  five 
and  six  inches  long,  coming  from  several  places. 

Two  fine  leaf-shaped  implements  from  the  Susquehanna  river 
should  be  mentioned.  One  is  from  Nichols,  and  measures  loj  by 
six  inches.  It  was  found  25  years  ago.  The  other  is  from  Owego, 
and  is  a  little  smaller,  being  10  inches  long  by  four  and  three  eighths 
wide.  It  is  of  a  light  translucent  flint,  and  was  found  50  years  ago, 
just  below  the  Susquehanna  river  bridge. 

A  different  form  of  flint  implement  was  certainly  used  tor  digging, 
although  in  a  very  moderate  way.  The  form  was  often  that  of  a 
shouldered  spear,  but  with  the  point  rounded  and  polished  by  contact 
with  the  earth.  Fig.  149  is  a  good  example  from  the  Seneca  river, 
made  of  grey  flint,  and  four  inches  long.  Fig,  148  is  another  of 
common  flint,  found  near  Rome,  N,  Y.  This  has  no  shoulder,  and 
may  also  have  been  used  as  a  knife,  but  the  narrow  point  is  highly 
polished  by  use.  It  is  three  and  one  quarter  inches  long.  It  is  quite 
probable  that  this  was  a  secondary  use;  a  broken  point  being  re- 
chipped,  and  then  used  in  this  way.  It  is  even  more  likely  that  spears 
and  knives  were  sometimes  used  in  digging. 

Fig.  150  is  a  pointed  leaf-shaped  implement,  which  one  hesitates 
to  call  either  spade  or  hoe,  so  handsome  is  the  material  and  so  fine 
the  work.  It  is  a  fine  orange  jasper,  five  inches  long  and  nearly 
three  and  one  half  inches  wide.  It  was  found  on  Onondaga  lake, 
where  others  of  less  beauty  occur.  This  figure  and  the  following  two 
are  reduced  to  three  fourths  of  the  actual  size.  Others,  of  the  same 
general  shape  as  the  last,  are  less  pointed. 

Some  broad,  thin,  and  celt-like  chipped  sandstones  are  often  now 
classed  as  spades,  and  occur  on  some  village  sites.    They  would  do 
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moderately  well  in  digging,  though  a  sensible  savage  might  have 
much  preferred  a  sharp  stick,  horn,  or  bone.  As  hoes  they  would 
have  been  more  useful,  and  this  may  have  been  their  office.  They 
range  from  four  to  seven  inches  in  length,  with  a  proportioQate 
width  of  more  than  half,  and  have  a  wide  distribution.  Fig.  151  will 
suffice  as  an  example  of  these.  It  is  of  red  sandstone,  having  parallel 
et^res  and  rounded  angles.  It  is  chipped  much  like  the  flat  net 
sinkers,  but  has  no  notches.  The  length  is  five  and  seven  eighths 
inches,  width  three  and  three  eighths,  and  thickness  five  eighths  of  an 
inch.  This  is  from  a  village  site  on  the  Seneca  river,  where  many 
were  found.  On  some  smaller  sites  they  also  occur,  while  on  others 
they  are  altogether  lacking.  It  may  be  added  that  the  nature  of  these 
sites  does  not  favor  the  theory  that  they  were  used  in  agriculture. 

CHIPPBD  STONE  AXB9 

Grooved  axes  are  rare  in  New  York  and  Canada,  and  probably 
were  never  used  by  the  Huron-Iroquois  family.  Chipped  implements 
of  an  axe-like  form  are  no  more  plentiful  in  New  York,  while  the 
common  celt,  or  polished  stone  axe,  without  grooves,  is  both  abun- 
dant and  variable.  These  were  used  by  the  Iroquois,  even  after  white 
contact.  Although  iron  axes  quickly  came  into  use,  yet  Champlain 
said  that  tJie  Mohawks  were  not  well  supplied  with  these  in  1609, 
and  some  still  employed  the  primitive  axe  of  stone.  Fig.  152  shows 
a  rudely  notched  implement  of  brown  sandstone,  from  Oswego  Falls, 
much  like  a  modern  hatchet  in  outline.  It  is  five  and  five  eighths 
inches  long,  and  is  quite  flat.  This  is  an  unusual  form,  although  other 
rude  implements  have  some  resemblance  to  it.  A  much  neater  and 
more  regularly  chipped  axe  of  the  same  material,  is  from  Brewerton. 
It  is  five  inches  long,  with  a  width  of  two  and  seven  eighths  inches  to- 
wards the  cutting  edge,  and  one  and  one  half  inches  at  the  top.  The 
lateral  edges  are  straight.  Fig.  153  represents  a  fine  article  of  fer- 
ruginous flint,  somewhat  square,  and  five  and  one  eighth  inches  long 
by  about  tliree  and  three  quarters  wide.  It  comes  from  the  Oneida 
river,  and  is  of  moderate  thickness.  There  can  be  no  doubt  that  it 
was  used  as  an  axe. 

Chipped  celts  were  quite  abundant  almost  everywhere,  and  were 
sometimes  a  final,  sometimes  a  transitional  form.    The  usual  cotu:se 
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was  to  chip  the  stone  into  the  shape  of  the  celt,  when  this  could  be 
done.  This  might  go  no  ferther,  for  as  a  weapon  of  war  it  was 
already  serviceable,  and  perhaps  in  some  of  the  arts  of  peace.  If  the 
material  was  fine,  it  might  afterwards  be  picked  and  polished.  Often 
the  edge  fras  ground  before  these  things  were  done.  The  finish  has 
nothing  to  do  with  the  age,  for  the  rudest  and  most  finished  forms 
may  be  found,  side  by  side,  on  the^same  village  site.  Many  show  all 
three  processes  in  the  unfinished  implement.  The  work  might  go 
on  for  years,  at  intervals,  the  weapon  being  used  nearly  all  the  time. 
As  the  difference  is  thus  only  one  of  finish,  except  in  flint  celts,  no 
illustrations  need  be  given  of  those  of  common  stone. 

A  micaceous  stone  is  frequent  on  a  few  sites,  showing  no  signs  of 
work,  but  presenting  such  resemblances  to  finished  celts  that  one  can 
hardly  doubt  its  use.    It  would  soon  lose  all  marks  of  human  skill. 

In  the  examination  of  Iroquois  sites,  one  can  hardly  fail  to  observe 
how  the  stone  age  was  on  the  wane,  in  this  family  at  least.  With  rare 
exceptions  stone  implements  were  rude,  and  there  was  neither  the 
variety  nor  beauty  in  articles  of  stone  everywhere  seen  among  their 
New  York  predecessors.  Bird  amulets,  gorgets,  stone  tubes, 
scrapers,  drills,  and  banner-stones  were  already  things  of  the  past. 
Arrows  were  small,  comparatively  few,  and  mostly  of  one  form. 
Stones  were  still  used  in  grinding  corn  and  cracking  nuts,  but  the 
wooden  pestle  and  mortar  had  their  established  place  among  pros- 
perous people.  ■  Stone  vessels  were  forgotten,  and  bone  and  horn 
took  the  place  of  flint.  Still,  stone  was  necessary,  and  the  ungrooved 
axe  was  often  finely  finished. 

There  are  a  few  chipped  celts  of  flint,  often  ground  at  the  edge,  but 
ground  flint  is  rare  in  this  country.  Fig.  154  is  a  good  example, 
coming  from  Onondaga  lake.  It  is  of  common  hornstone,  two  and 
three  quarters  inches  long,  seven  eighths  wide,  and  five  eighths  of  an 
inch  thick.  It  is  ground  to  a  moderately  sharp  edge  at  both  ends. 
A  broad  edged  one  of  chalcedony,  three  and  five  eighths  inches  long, 
comes  from  Oswego  Falls.  Fig.  155  is  of  grey  flint,  two  inches  long, 
one  inch  wide,  and  nine  sixteenths  thick.  The  cutting  edge  is  neatly 
chipped,  and  one  surface  is  much  flatter  than  the  other.  This  is  from 
Onondaga  lake.    A  much  larger  one  of  grey  flint,  comes  from  the 
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townofMarcy.  This  is  eight  and  three  eighths  inches  long.  Fig.  156 
is  a  well  marked  form.  In  this  most  of  the  surface  is  Sat,  the  cutting 
edge  being  sharply  beveled  on  each  side.  It  is  of  drab  flint,  two  and 
one  quarter  inches  long,  and  five  eighths  of  an  inch  thick.  It  comes 
from  Seneca  river.  Another  finely  chipped  celt  is  from  near  Skane- 
ateles  lake,  and  is  represented  by  fig.  159.  It  is  of  brown  flint,  over 
an  inch  thick,  and  sharpened  at  both  ends.  The  length  is  nearly  four 
inches,  and  it  is  symmetrical  throughout.  Fig.  160  is  of  common 
homstone,  with  parallel  sides  and  rounded  edge.  It  is  from  Cross 
lake,  and  is  two  and  one  half  inches  long,  one  and  one  eighth  wide, 
and  three  quarters  of  an  inch  thick.  It  is  very  neatly  chipped.  Fig. 
161  is  of  unusual  material,  being  of  clouded  quartz,  well  worked.  It 
is  two  inches  wide,  and  two  and  seven  eighths  long.  This  is  from 
Onondaga  lake.  Others  might  be  described,  but  there  is  no  great 
variation  in  form.  Only  a  few  are  elliptic,  but  several  have  the  wide 
and  ground  edge.  Although  rare,  they  are  widely  distributed,  and 
are  sometimes  of  choice  material. 

An  earthwork  in  the  town  of  Granby  has  no  relics  beyond  small 
fragments  of  earthenware,  a  few  flint  flakes,  a  flat  sinker,  and  one  or 
two  skeletons,  but  a  rude  celt  of  greenstone,  seven  and  one  quarter 
inches  long,  was  found  quite  near.  The  indications  are  that  its 
■  occupation  was  very  brief.  An  earthwork,  three  miles  southeast  of 
Baldwinsville,  has  fine  celts,  but  many  more  which  are  very  rude, 
varying  from  three  and  one  half  to  nine  inches  in  length.  One  of 
the  latter  length  is  massive,  prominently  ridged  on  one  side,  and  but 
little  worked.  Another  of  talc,  four  inches  long,  and  laterally  curved, 
is  rudely  chipped,  but  is  remarkable  for  form  and  material.  Some 
of  these  rough  celts  are  a  broad  ellipse.  The  only  earthwork  in 
Wayne  county  furnished  a  rude  one  of  dark  crystalline  stone,  nine 
and  one  eighth  inches  long.    Numberless  examples  might  be  given. 

PEnFonATons 

Among  the  most  remarkable  and  perplexing  articles  of  flint  are 
those  known  as  perforators  or  drills.  They  are  widely  distributed, 
and  are  of  a  comparatively  early  date,  in  New  York  at  least,  not 
having  been  used  by  the  Iroquois,  who  preferred  awls  of  horn  or 
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bone.  Some  are  found  in  Great  Britain,  but  of  simple  Forms  and 
rude  workmanship.  Dr  Abbott  well  said  of  these,  and  some  other 
things,  '  It  is  certain  that  the  majority  of  our  specimens,  such  as 
scrapers,  drilling  stones,  etc.,  are  manufactured  with  greater  ele- 
gance, and  evince  a  more  thorough  knowledge  of  the  chipping  art. 
The  English  specimens  appear  to  be  all  flakes,  which  have  had  the 
edges  chipped,  that  the  required  shape  might  be  given  to  the  speci- 
men.' Ours  are  usually  worked  over  the  entire  surface,  but  not  in- 
variably, for  we  have  specimens  as  rude  as  any  in  England. 

In  some  places  perforators  are  rare,  and  but  six  were  catalogued 
in  the  Wagman  collection  at  Saratoga.  Out  of  327  in  Mr  Douglass' 
collection,  but  29  are  credited  to  New  York,  where  they  really  are 
abundant. 

So  slight  is  the  division  between  these  and  arrow-heads,  in  very 
many  cases,  that  it  has  recently  been  suggested  that  they  are  but  a 
slender  form  of  these.  Sometimes  it  is  a  question  to  which  class  to 
assign  some  forms.  A  series  of  triangular  arrows  from  one  site,  com- 
mencing with  a  broad  form,  grades  insensibly  into  those  so  slender 
that  they  would  be  called  drills  anywhere  else.  The  main  difficulty, 
however,  is  to  assign  them  a  distinct  use.  They  fit  well  in  the  spiral 
perforations  of  gorgets,  but  no  great  length  would  have  been  required 
for  these.  Possibly  they  may  have  been  used  in  perforating  wood, 
but  this  is  doubtful.  For  piercing  leather  a  sharp  bone  or  thorn 
would  have  been  preferable.  An  early  writer,  in  speaking  of  shell 
beads,  said  they  were  drilled  with  a  nail  or  a  sharp  stone.  We  might 
suppose  that  their  use  was  of  this  nature,  were  it  not  for  their  abun- 
dance in  places  where  large  shell  beads  were  not  likely  to  be  made. 
Their  fragile  character  and  few  signs  of  use,  increase  the  difficulties 
of  the  problem.  Some,  therefore,  have  suggested  that  many  were 
pins,  more  or  less  ornamental.  Dr  Rau  thought  some  of  the  straight, 
double  pointed  forms  might  have  been  used  in  fisliing,  the  line  being 
attached  in  the  center,  according  to  a  well  known  method.  The  ques- 
tion can  not  be  satisfactorily  discussed  now. 

Long  straight  perforators  or  drills,  for  the  common  name  will  be 
used  here,  are  quite  common,  and  are  usually  of  grey,  drab,  or  black 
flint,  often  expanding  at  the  base.    They  suggest  awls  or  bodkins,  at 
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once.  Fig.  157  is  such  an  article,  of  common  flint,  representing  a 
frequent  form  on  the  Seneca  river.  It  is  three  inches  long,  and  the 
base  is  but  slightly  wider  than  the  main  part.  One  of  the  same  form 
and  material  but  four  inches  long,  comes  from  Onondaga  Valley. 
This  also  is  straight,  and  has  but  a  trifling  expansion  at  the  end. 
Another  of  similar  form  and  material,  from  Brewerton,  is  a  little 
thicker,  and  three  and  five  eighths  inches  long;  nor  are  these  solitary 
examples,  although  they  may  represent  the  extreme  length  of  this 
form  here. 

Some  expanded  forms  do  not  exceed  an  inch  in  length.  Fig.  158 
shows  one  of  these  which  is  not  an  inch  long,  but  which  is  neatly 
worked  and  symmetrical.  It  is  of  bluish  flint,  and  was  found  at  Bald- 
winsville  in  1878.  Fig.  162  has  a  thicker  base  than  usual,  and  indeed 
is  somewhate  massive  throughout.  It  is  of  brown  flint,  three  and 
three  quarters  inches  long,  and  comes  from  the  Oswego  river.  Fig. 
163  is  a  beautiful  drill,  yellow  at  the  base  and  shading  into  red,  which 
is  the  color  most  of  the  way  towards  the  point.  This  may  have  been 
caused  by  heat.  The  base  is  moderately  broad  with  concave  sides, 
and  is  three  and  three  quarters  inches  long.  It  comes  from  Onondaga 
lake.  In  many  such  forms  there  is  little  more  than  a  quick  expansion 
of  the  base,  tapering,  rounded,  or  angular,  as  the  case  may  be.  These 
vary  little  in  length,  but  are  often  quite  wide.  Fig.  164  unites  the 
scraper  and  drill,  as  in  some  other  cases,  having  a  scraper  edge  almost 
to  the  point.  It  is  of  mottled  flint,  two  and  one  half  inches  long,  and 
was  found  on  the  Seneca  river. 

Another  form  of  the  long  drills  was  distinctly  notched.  Fig,  165 
is  a  beautiful  example  of  these.  It  is  from  the  same  river,  and  is  of 
a  mottled  grey  flint,  three  and  seven  eighths  inches  long.  Both  work 
and  material  are  fine,  and  it  is  slightly  barbed  on  one  side.  Very 
closely  resembling  this  is  another  from  the  Mohawk,  at  Canajoharie 
flats.  It  is  of  drab  flint,  a  little  shorter  and  wider  than  the  last,  but 
equally  fine.  The  length  is  three  and  three  eighths  inches.  A  broader 
form  still,  but  of  about  half  the  length,  comes  from  Brewerton,  and 
there  are  many  approaching  these. 

Excepting  as  they  approach  the  triangular  form,  those,  with  a  very 
long  and  broad  base  rarely  reach  two  inches  in  length.    Fig.  166  is 
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very  odd,  the  broad  and  notched  base  having  elevated  points  on  either 
side.  It  is  from  the  Seneca  river,  and  is  of  light  brown  flint,  one 
and  three  eighths  inches  long.  Fig.  167  is  a  frequent  form,  with  a 
broad  and  deep  base,  which  in  some  may  be  widest  above  or  below. 
Sometimes  the  contraction  above  the  base  is  very  moderate  at  first. 
This  is  of  common  flint,  and  is  one  and  one  quarter  inches  in  length. 
It  is  one  of  the  frequent  forms.  Fig.  168  is  one  of  the  largest  and 
oddest  of  this  variety,  and  comes  from  Brewerton.  It  is  of  brown 
flint,  and  the  broad  and  curving  base  has  obtuse  raised  points, 
strongly  suggestive  of  those  in  a  drill  already  figured.  The  length  is 
two  inches,  and  it  is  nearly  as  broad. 

Some  of  these  expanding  bases  suggest  the  gimlet  and  thumb- 
screw, and  might  have  been  used  with  or  without  an  additional 
handle,  but  the  straight  and  slender  ones,  if  used  for  perforating, 
would  have  required  a  handle  of  some  kind.  Fig.  169  is  a  small  ex- 
ample of  the  thumb-screw  pattern,  the  three  arms  being  much  alike, 
though  one  is  a  little  longer  and  narrower  than  the  others.  It  is  of 
drab  flint,  one  and  one  eighth  inches  long,  and  could  be  easily  turned 
by  the  fingers.  This  is  from  Seneca  river,  and  another  from  Brewer- 
ton,  two  inches  long,  presents  the  same  concave  base.  This  is  carried 
still  farther  in  fig.  170,  a  specimen  unfortunately  broken,  where  the 
wide  base  is  almost  as  slender  as  the  shaft.  One  prong  terminates  in 
a  notched  and  rounded  point,  as  if  for  suspension,  and  it  is  a  question 
whether  the  broken  part  had  the  same  feature,  as  is  probable,  or 
whether  it  was  a  double  pointed  drill.  It  is  of  black  flint,  two  and 
one  half  inches  long,  and  comes  from  the  Seneca  river.  A  smaller 
one,  somewhat  like  this  but  with  a  narrower  base,  was  found  on  the 
Canajoharie  flats.  The  one  figured,  however,  is  unique  in  some 
respects. 

Fig.  171  is  a  good  example  of  the  gimlet  form  from  Onondaga  lake. 
It  is  of  grey  flint,  two  and  one  half  inches  long,  and  very  symmetrical. 
One  from  Geneva  is  almost  equally  so,  and  is  two  inches  in  length. 
This  form  is  rarely  perfect,  from  its  great  liability  to  injury,  but  more 
might  be  described.  Among  those  having  deeper  expanded  bases  is 
one  of  rosy  quartz,  one  and  three  quarters  inches  long.  This  is  also 
from  Geneva,  where  many  small  forms  have  been  found.    There  are 
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one  sided  basal  drills,  and  those  oddly  curved,  but  these  seem  mere 
freaks,  and  but  one  will  now  be  mentioned,  because  some  have 
thought  it  may  have  been  used  in  forming  a  primitive  fish-hook,  by 
binding  it  to  a  perforated  stick.  Dr  Rau  (see  Prehistoric  Ushing, 
fig.  180)  shows  one  closely  resembling  this  in  a  Greenland  hook  of 
wood  and  stone.  Capt.  John  Smith  speaks  of  a  similar  use  of  bone 
in  Virginia.  '  Their  hookes  are  either  a  bone  grated,  as  they  noch 
their  arrowes  in  the  forme  of  a  crooked  pinne  or  fish-iiooke,  or  of 
the  Splinter  of  a  bone  tyed  to  the  ctift  of  a  little  sticke,  and  with  the  end 
of  the  line  they  tie  on  the  bait.'  That  this  article  is  well  adapted  for 
such  use  will  be  readily  seen,  and  Dr  Rau's  figure  seems  almost  con- 
clusive proof. 

Occasionally  a  drill  is  widened  in  the  middle,  between  the  base 
and  point.  Very  simple  examples  of  these  occur,  but  sometimes 
they  are  rather  curious.  Fig.  173  is  a  flat  form  of  drab  flint,  one  and 
one  half  inches  long,  and  might  be  described  as  a  double  thumb- 
screw. While  the  center  has  been  well  preserved,  both  pointshave 
been  broken  off,  but  they  were  evidently  quite  short  when  per- 
fect, so  that  the  figure  presents  very  nearly  the  original  out- 
line. Even  now  it  is  a  most  interesting  article.  Fig.  174  is 
another  odd  form,  very  wide,  and  deeply  notched.  Above  the 
notches  it  might  be  described  as  broadly  winged,  but  the  barbs  form 
its  most  distinctive  feature.  It  is  of  drab  flint,  one.and  one  quarter 
inches  long,  and  was  found  not  far  from  Rome,  N,  Y. 

Many  drills  are  nearly  triangular,  and  occasionally  one  may  have 
been  formed  from  an  arrow-head.  Fig.  175  may  have  had  such  a 
primary  use,  followed  by  a  moderate  narrowing  of  the  point.  It  is 
notched,  of  dark  flint,  one  and  seven  eighths  inches  long,  and  was 
found  near  Three  River  Point.  Fig.  176  is  a  straight  perforator  of 
common  hornstone,  two  and  five  eighths  inches  length.  The  base  is 
better  finished  than  in  most  examples  of  this  variety,  which  are  often 
smaller,  and  of  black  flint.  This  comes  from  Onondaga  lake,  where 
many  of  this  form  have  been  found. 

Sometimes  one  occurs,  straight  and  uniform,  which  has  a  rounded 
point  at  each  end.  These  grade  into  a  broader  form,  which  seems 
a  small  knife.    A  few  have  an  erratic  form,  marked  by  a  one  sided 
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base.  Some  convex  sided  arrow-heads,  as  has  been  said,  axe  drawn 
out  into  a  slender  point,  suggesting  a  perforator,  and  there  are  rude 
specimens,  perhaps  used  for  temporary  purposes.  One  of  these 
forms,  not  rare,  is  a  slender  splinter  of  hornstone,  triangular  in  sec- 
tion, and  chipped  so  as  to  present  three  faces  on  the  shaft.  In  such 
cases  the  base  is  sometimes  left  unaltered. 

While  perforators  are  widely  distributed,  from  the  Atlantic  to  the 
Pacific,  their  most  ornamental  development  seems  to  have  been  in 
Missouri,  where  they  grade  into  animal  forms.  This  gives  counten- 
ance to  the  idea  that  some  may  have  been  used  merely  as  ornaments, 
a  remark  which  will  not  apply  to  all. 


The  typical  scraper  has  one  flattened  side,  usually  formed  by  one 
or  two  broad  flakings;  and  another,  more  or  less  elevated  or  ridged, 
which  is  beveled  down  to  the  other  surface.  It  is  often  combined 
with  "the  knife  or  drill,  especially  in  implements  approaching  the  leaf 
shape,  or  in  distinctly  Curved  knives.  Scrapers  are  often  very  rude, 
some  being  made  of  flat  pieces  of  hornstone,  merely  chipped  down 
to  a  scraper  edge.  Sometimes  other  flat  siliceous  stones  were  utilized 
in  the  same  way,  resulting  in  rude  and  unusually  large  implements 
of  this  kind.  Many  were  made  of  broken  arrows,  in  which  case  the 
under  surface  may  be  quite  delicately  chipped.  This  secondary  use 
may  be  the  reason  why  they  were  so  long  overlooked  here,  as  they 
were  not  attractive  articles  to  collect  until  their  true  nature  was 
known. 

Many  of  them  may  have  been  used  in  handles,  as  in  comparatively 
recent  times  elsewhere,  but  others  were  so  large  as  not  to  require 
these.  Carved  handles  of  horn  or  bone  have  been  occasionally  found, 
but  these  may  have  belonged  to  other  implements,  as  they  came  from 
Iroquoian  sites,  and  that  great  family  knew  little  of  stone  scrapers  or 
perforators.  Absence  of  such  handles  in  other  places,  however, 
proves  nothing,  as  horn  or  bone  articles  quickly  decayed  except  in 
fireplaces  and  refuse  heaps.  It  is  still  more  likely,  in  a  forest  land, 
that  handles  would  have  been  made  of  wood.  Small  scrapers  would 
often  require  handles  of  some  kind,  but  the  larger  ones  might  not. 


.dbyGoogle 


CHIPPED   STONF,    IMPLEMENTS   OF    NEW   YORK  65 

They  vary  greatly  in  form  and  finish,  and  some  very  closely  resemble 
those  yet  used  by  the  Eskimo.  They  form  a  very  widely  spread  class 
of  implements,  often  adapted  to  local  needs. 

The  ruder  scrapers  need  not  be  illustrated  now,  as  they  took  almost 
any  form,  like  the  ruder  knives,  presenting  nothing  characteristic 
except  the  beveled  edge  and  flat  under  surface.  A  chance  flake,  or  a 
fiat  pebble  might  be  otherwise  unaltered.  Some  are  extremely  small, 
being  less  than  half  an  inch  long,  while  others  are  quite  massive.  Fig. 
178  is  a  fine  example  of  a  simple  and  large  form  from  the  Seneca 
river.  The  material  is  brown  flint,  two  and  five  eighths  inches  long. 
This  is  boldly  but  neatly  flaked,  and  is  more  massive  and  uniform  in 
thickness  than  usual,  as  well  as  flatter  on  the  under  side.  Another 
from  Onondaga  lake, of  mottled  flint  and  one  and  sevcneighths  inches 
long,  is  very  much  like  this,  but  the  under  surface  is  somewhat  curved 
and  twisted,  and  the  implement  is  proportionally  broader.  One  of 
yellow  jasper,  from  Oswego  Falls,  closely  resembles  this  in  size  and 
character,  A  fragment  of  a  large  one  from  the  Seneca  river,  is  still 
two  and  three  quarters  by  three  and  one  quarter  inches,  but  is  of  a 
ruder  type.  A  very  neat  and  depressed  scraper,  almost  of  a  horse- 
shoe form,  was  found  in  the  town  of  Marcy,  north  of  the  Mohawk 
river.    It  is  of  drab  flint,  and  is  three  and  one  quarter  inches  in  length. 

Fig.  183  is  given  on  account  of.its  small  size,  although  typical  of 
quite  a  class.  There  is  a  small  site  on  the  bank  of  the  inlet  of  Onon- 
daga lake,  which  was  a  frequent  camping  place  in  early  days,  some- 
times apparently  occupied  for  months  at  a  time.  Bone  harpoons, 
pottery,  flint  and  bone  articles,  the  so-called  spades,  and  other  things 
occur  there.  In  excavating  an  ash-bed  there  this  little  scraper  was 
found.  It  is  of  common  flint,  ridged  in  the  center,  and  but  seven 
sixteenths  of  an  inch  long.  Another,  but  five  eighths  of  an  inch  in 
length,  comes  from  Seneca  county. 

Fig.  177  is  a  very  curious  article,  not  a  typical  scraper,  and  yet 
probably  used  for  one  of  its  purposes,  that  of  fashioning  the  shafts  of 
arrows.  It  seems  to  have  been  made  from  a  broken  arrow-head,  and 
was  found  in  1889  in  a  cache  in  Cayuga  county.  The  cache  contained 
also  twenty  arrows  and  the  same  number  of  flint  knives,  a  quantity 
of  mica,  some  antler  prongs,  paint,  and  other  things.    Also  a  turtle 
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totem  of  grey  stone.  One  of  the  arrows  was  translucent,  and  another 
was  of  white  quartz.  The  remainder  of  the  arrows  and  all  the  knives 
were  of  native  hornstone.  The  writer  has  seen  a  similar  article  from 
Missouri,  and  supposes  it  to  have  been  used  in  scraping^  the  shafts  of 
arrows  in  the  speediest  way. 

Fig-.  179  has  one  end  rounded,  and  the  other  straight.  The  edges 
are  somewhat  parallel,  but  the  surface  is  widest  along  the  center. 
These  opposite  edges  are  beveled  from  opposite  surfaces,  so  that  there 
are  one  or  two  scraping  edges,  whichever  way  it  may  be  turned.  It 
is  probable  that  some  of  the  beveled  arrows,  so  called,  were  scrapers 
of  this  kind.  Part  of  the  length  has  been  lost,  so  that  no  scraper  now 
appears  at  that  end,  if  indeed  there  was  ever  any  there,  for  in  that 
part  the  edges  become  sharp,  and  probably  the  knife  and  scraper 
were  combined.  It  comes  from  the  Seneca  river,  and  is  made  of 
brown  flint,  still  two  and  seven  eighths  inches  long.  A  smaller  one 
of  these  has  much  the  same  character;  the  base  and  edge  being  bev- 
eled on  one  side,  with  the  other  edge  beveled  from  the  other  surface. 
It  is  of  light  drab  flint,  one  and  three  quarters  inches  long,  and  does 
not  have  the  knife  edge  of  the  last  mentioned.  This  was  from  Three 
River  Point.  Another  similar  scraper,  of  light  grey  flint,  has  four 
beveled  edges  on  one  side,  nearly  parallel,  and  is  one  and  three  quar- 
ters inches  long. 

Some  which  have  been  called  gambling  flints,  are  small  and  nearly 
square.  They  are  not  all  distinctly  scrapers,  and  seem  to  have  been 
Iroquois  gun  flints,  made  by  themselves  for  an  emergency.  The 
beveling  is  from  both  sides,  as  in  a  knife.  As  some  of  these  were 
certainty  made  at  a  time  when  the  Iroquois  used  deer  buttons  and 
peach  stones  for  gambling,  and  as  most  of  them  were  associated  with 
European  articles,  they  may  well  be  classed  as  Indian  gun  flints. 
Fig.  180  is  one  of  these  from  the  Seneca  river.  It  is  of  dark  flint, 
nearly  an  inch  square.  The  square  center  is  flat,  and  the  stone  is 
beveled  to  the  edge  on  each  side.  Fig.  181  showsa  Cayuga  specimen, 
to  which  the  name  of  gambling  flint  has  been  distinctly  given.  It  is 
of  hornstone,  and  was  found,  with  20  others,  in  a  grave  well  sup- 
plied with  European  articles.  This  is  an  inch  across,  but  others 
were  smaller.    A  gun,  bullets,  and  two  gun  flints,  were  among  the 
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articles  accompanying-  these.     Fig.  182  is  a  smaller  one  from  the 
same  grave. 

It  will  be  remembered  that  the  proper  name  of  the  Mohawks  was 
Kaniengas,  People  of  the  flint,  and  that  their  proper  symbol  was  a 
steel  and  flint;  often  only  the  former.  Their  associations  were  not 
so  much  with  the  flint  as  material  for  arrows.  From  almost  the  first 
they  connected  with  it  its  fire  producing  powers.  As  soon  as  they 
had  guns  —  and  they  were  the  earliest  New  York  indians  to  possess 
them  —  they  saw  occasional  economy  in  the  use  of  their  favorite 
stone.  On  this  point  there  is  a  curious  passage  in  the  Jesuit  relations 
of  1668,  of  an  incident  which  happened  when  the  French  missionaries 
were  about  two  miles  north  of  Ticonderoga.  '  We  all  stopped  in 
this  place,  without  knowing  the  cause  of  it,  until  we  saw  our  savages 
gathering  upon  the  edge  of  the  water,  gun  flints,  all  nearly  shaped. 
We  gave  this  not  much  thought  at  the  time,  but  afterwards  learned 
the  mystery,  for  our  Iroquois  told  us  that  they  never  fail  to  stop  in 
this  place,  to  render  homage  to  a  nation  of  invisible  men,  who  dwell 
there  in  the  depth  of  the  water,  and  are  occupied  in  preparing  gun 
flints,  nearly  all  ready  for  the  passers  by,  provided  they  do  their  de- 
voirs in  presenting  them  tobacco;  if  they  give  much  of  it  they  make 
them  a  large  largess  of  these  stones.'  These  men  were  farther  de- 
scribed, but  the  French  concluded  that,  in  storms,  '  when  the  wind 
comes  across  the  lake,  it  casts  upon  this  shore  a  quantity  of  stones, 
hard  and  fit  to  strike  fire.'  This  sufficiently  shows  that  the  Iroquois 
often  provided  their  own  gun  flints,  instead  of  using  those  imported 
by  traders. 

Many  scrapers  are  almost  or  quite  elliptical,  and  some  circular 
forms  may  be  gun  flints.  Fig.  184  is  a  fine  example  of  the  former 
class  from  Brewerton.  It  is  of  drab  flint,  thin  and  flat,  and  the  edges 
are  beveled  all  around  from  one  surface.  It  is  one  and  three  eighths 
inches  in  length.  One  much  like  this  is  from  Auburn,  and  is  one  and 
five  eighths  inches  long.  It  is  by  no  means  a  rare  form,  but  grades 
into  knives. 

A  heavy,  rounded,  triangular  scraper  from  Oswego  Falls,  has  a 
double  curve  in  the  long  section,  and  is  one  and  one  half  inches  long. 
Another  of  similar  outline  is  from  Cross  lake.  It  is,  however,  utiiform 
in  thickness,  with  edges  abruptly  beveled  in  opposite  directions. 
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forming  a  double  scraper,  which  is  not  a  rare  feature.  The  length  is 
but  one  inch.  A  handsome  one  of  brownish,  banded  flint,  one  and 
one  eighth  inches  long,  comes  from  Baldwinsville.  Fig.  185  repre- 
sents this.  It  is  of  uniform  thickness,  a  quarter  of  an  inch,  but  is 
peculiar  in  having  a  concave  and  convex  surface,  with  the  scraper 
edge  beveled  from  the  former  to  the  latter. 

Fig,  186  is  a  loi^,  leaf-shaped  scraper  or  knife  of  brown  flint,  found 
near  the  rifts  south  of  Three  River  Point.  It  is  five  and  one  half 
inches  long,  and  suggests  a  long  knife,  but  has  but  one  or  two  long 
flakings  on  the  under  surface,  to  meet  which  there  is  the  usual  bevel 
nearly  all  around.  Il  is  moderately  thin,  and  very  much  twisted. 
Several  of  this  form  and  size  occur,  with  many  variations,  and  nearly 
all  would  serve  for  knives  almost  as  well  as  scrapers,  although  having 
the  characteristics  of  the  latter. 

Fig.  187  shows  one  of  the  finest  scrapers,  in  material  and  form 
almost  identical  with  some  knives,  except  in  the  edge.  It  is  of  lus- 
trous browniah  grey  flint,  four  and  one  eighth  inches  long,  and 
widest  in  the  middle,  whence  it  tapers  almost  to  a  point  at  either  end. 
This  was  found  at  Onondaga  lake.  The  greatest  width  is  one  inch, 
and  it  is  less  than  half  that  in  thickness. 

Quartz  scrapers  are  rare  in  New  York.  One  from  Brewerton,  one 
and  three  eighths  inches  in  length,  is  triangular,  and  like  others  with 
that  outline,  ll  much  the  thickest  at  the  broad  scraper  end.  Fine  leaf 
or  rather  often  triangular  forms,  however,  occur  in  common  or  light 
grey  flints.  Fig,  188  is  one  of  these  from  the  Seneca  river,  which  is  of 
dark  blue  flint,  two  inches  long,  and  very  evenly  beveled  around  and 
near  the  end.  The  lateral  edges  are  sharp,  as  though  intended  for 
cutting,  and  as  it  might  have  been  used  without  a  handle,  if  desired, 
it  probably  combined  two  implements,  as  was  so  frequently  the  case. 
Scrapers  of  this  form  are  usually  thin  and  flat,  but  are  a  little  thicker 
at  the  broad  end,  and  are  also  neatly  chipped  on  the  lower  surface. 
Many  are  much  smaller  than  this  specimen,  and  some  have  the  point 
turned  to  one  side. 

Among  other  remarkable  scrapers  are  some  from  Canajoharie, 
found  along  the  river  bank.  Rg,  iSp  represents  a  long  form  of 
these.     Tbey  are  not  many  in  number,  and  have  been  reported 
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nowhere  else.  They  vary  from  almost  triangular  to  nearly  circular. 
This  one  is  of  common  flint,  with  conspicuous  but  obtuse  serrations 
at  the  broad  end,  and  is  one  and  one  half  inches  long.  Some  others 
there  are  much  more  finely  and  sharply  serrate,  but  this  serration  is 
aloi^  one  of  the  longer  sides.    They  probably  had  some  local  use. 

A  very  remarkable  class  of  scrapers,  combining  the  knife  with 
these,  occurs  in  but  very  moderate  numbers,  and  somewhat  local  at 
that.  They  may  be  nearly  straight,  or  very  much  curved,  and  there 
is  usually  a  tang  at  the  base,  resembling  a  handle,  drawn  out  into  a 
shoulder  on  each  side.  They  are  quite  likely  to  have  been  used  in 
fashioning  bows  and  arrows,  for  which  the  combination  of  a  convex 
knife  with  a  concave  scraper  admirably  fitted  them.  Perhaps  less 
than  a  dozen  have  been  found  in  New  York.  Fig.  190  is  a  perfect 
example  from  the  Seneca  river,  made  of  brown  and  drab  flint,  and 
three  inches  long.  This  is  the  typical  form,  much  like  that  of  a  curved 
sword  with  its  cross  hilt.  One  much  more  curved,  but  unfortunately 
a  little  broken,  is  from  Brewerton.  It  is  of  common  homstone,  two 
and  one  half  inches  long,  and  has  the  deepest  curve  of  any  yet  re- 
ported. Out  of  several  which  do  not  essentially  differ  from  these, 
may  be  mentioned  one  of  a  gritty  brown  flint,  which  is  one  and  one 
eighth  inches  long.  Fig.  191  represents  this,  which  came  from  the 
Oswego  river.  At  the  point  there  is  a  knob-like  expansion.  A  very 
odd  one  comes  from  Cross  lake,  and  is  made  of  a  light  grey  flint,  one 
and  seven  eighths  inches  long.  It  is  more  angular  than  others,  but 
the  blade  does  not  present  so  decided  a  curve.  In  others  the  scraper 
edge  is  quite  as  decidedly  develc^ed,  and  they  grade  into  nearly 
straight  forms  with  the  same  features.  In  all  the  concave  edge  of  the 
blade  is  quite  thick,  while  the  convex  edge  is  comparatively  thin  and 
sharp.  In  the  supplement  to  his  illustrations  of  the  Smithsonian  col- 
lections, Dr  Rau  figured  a  fine  example  from  Ohio,  about  two  inches 
long,  but  they  are  not  described  by  Abbott  among  New  Jersey  arti- 
cles, or  by  Fowke  among  those  farther  west  and  south.  None  have 
been  reported  in  Canada,  and  they  seem  practically  a  New  York  im- 
plement, local  even  there.  The  advantage  of  the  combination  and  the 
peculiar  form  will  be  readily  seen. 

A  still  rarer  form,  in  fact  quite  unique,  is  one  which  did  not  return 
from  a  scientific  mission,  greatly  to  the  owner's  sorrow.    Fig.  192  is 
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some  reference  to  flint,  or  kahnkia.  A  little  later  Father  Bruyas 
defined  the  Mohawk  gannohouagethon,  to  scrape  a  hide,  and  another 
word  expressed  the  stretching  process.  In  a  rude  way  they  are  still, 
or  were  recently,  in  use  among  some  of  our  western  indians,  but  not 
in  forms  like  those  of  old.  The  Eskimo  still  use  them,  inserted  in 
handles,  and  one  specimen  here  figured  is  almost  exactly  like  those 
which  they  make. 

Dr  Abbott  says  of  New  Jersey  scrapers, '  One  feature  of  the  Euro- 
pean scrapers  is  having  one  side  flat  or  uniform,  the  result  of  the 
breaking  away  of  a  large  flake,  thus  giving  on  one  side  the  smooth 
surface  of  a  single  plane  of  cleavage.  We  have  all  our  specimens 
chipped  upon  both  sides,  unless  it  be  those  of  about  the  minimum 
size,  which  appear  absolutely  identical  with  the  European  specimens.' 
In  New  York,  however,  a  large  proportion  of  the  larger  examples 
have  this  single  cleavage,  while  full  chipping  on  both  sides  is  confined 
to  a  few.  From  Sir  John  Lubbock's  illustrations,  Dr  Abbott  also 
thought  European  specimens  rudely  chipped  in  comparison  with 
American,  and  a  similar  comparison  would  show  the  high  character 
of  those  of  New  York.  i 

As  regards  their  distribution  no  exact  statement  can  be  made.  In 
some  form  they  seem  distributed  throughout  the  world,  but  the  pro- 
pc»1ion  in  any  collection  will  vary  according  to  the  field  in  which 
it  has  been  principally  made.  Mr  Douglass  has  220  New  York 
scrapers,  out  of  a  total  of  1061.  Of  these  636  came  from  Missouri, 
and  71  from  Arkansas.  From  the  New  England  states  he  has  none 
at  all.  Dr  Rau  figured  them  only  from  Ohio  and  Texas.  In  the 
Wagman  Saratoga  collection  none  are  mentioned,  but  such  omissions 
may  be  due  to  their  frequent  lack  of  beauty.  In  a  show  collection 
they  might  make  a  poor  figure. 

BEnRATB  ASROirS 

The  serrate  arrow  forms,  which  Evans  called  saws  in  Great  Britain, 
are  quite  rare  in  New  York,  but  are  common  farther  west  and  south. 
The  materials  of  which  the  few  found  here  are  made,  point  to  a  distant 
origin.  Fig.  201  is  of  translucent  horn  colored  flint,  one  and  three 
quarters  inches  long,  and  it  comes  from  Nine  Mile  creek,  some  miles 


.dbyGoogle 


ABORIGINAL   CHIPPED   STONE     IMPLEMENTS   OF     NEW  YORK  73 

west  of  Onondaga  lake.  The  base  is  gone,  but  this  example  ts  given 
because  of  its  distinctly  serrate  character.  Another  broken  specimen, 
of  bluish  flint,  now  one  and  one  half  inches  long,  is  as  serrate,  and 
comes  from  the  same  vicinity.  Good  examples  should  occur  in  the 
southwestern  part  of  New  York,  but  none  have  yet  been  reported. 


Flint  hammers  have  thus  far  been  more  frequently  observed  in  the 
lower  Mohawk  valley  than  elsewhere.  They  are  rude  nodules  of 
flint,  showing  traces  of  hammering,  and  sometimes  of  chipping,  but 
were  naturally  used  but  little  in  a  land  where  field  stones  are  abundant. 
They  differ  much  from  the  so-called  hammer-stones.  Fig.  202  shows 
one  from  Spraker's  basin,  which  is  two  and  one  quarter  inches 
across,  and  just  a  third  as  thick,  one  broad  surface  being  quite  flat. 
Fig,  203  is  more  charaifteristic,  and  is  from  the  Seneca  river.  This 
is  one  and  seven  eighths  inches  long,  and  an  inch  thick.  Fig.  204  is 
a  smaller  one,  not  far  from  one  and  one  half  inches  each  way. 
Smaller  ones  yet  appear.  A  more  remarkable  one  comes  from  Onon- 
daga lake,  which  is  two  and  one  eighth  inches  long.  Its  peculiar 
feature  is  the  rough  grinding  in  two  contiguous  planes  at  one,end. 
Flint  is  rarely  ground  here,  but  when  this  has  been  done  the  result 
is  commonly  a  polish.  A  few  chipped  hammers  of  greenstone  present 
nothing  worthy  of  remark,  except  a  slight  expansion  at  one  end. 
They  are  from  three  to  four  inches  long.  The  ordinary  hammer- 
stones,  and  the  common  field  stones  perhaps  restricted  the  use  of 
these  ruder  implements.  The  faceted  and  picked  balls  of  stone, 
possibly  used  in  war  clubs,  properly  belong  in  another  class. 

I  BUSCBL1.ASB101T1 

There  are  many  odd  flint  forms  of  uncertain  character.  Fig.  205 
represents  one  of  these,  being  a  fragment  of  some  article  unknown. 
It  may  be  the  base  of  a  knife,  but  is  strongly  suggestive  of  the  fine 
stone  sceptres  found  of  late  in  Illinois  and  Tennessee.  In  that  case 
this  would  have  been  the  upper  end  instead  of  the  base.  It  is  of  thin, 
light  drab  flint,  neatly  worked,  and  is  yet  over  three  inches  long.  It 
is  broken  where  a  line  of  fossils  crossed  the  stone. 
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Unfinished  articles  often  awaken  curiosity,  and  sometimes  reveal 
the  processes  by  which  they  were  made,  and  the  several  stages  of 
the  work.  This  is  notably  the  case  with  some  celts,  and  unfinished 
drilling  has  even  yet  greater  importance.  With  articles  of  flint  it  is 
more  a  question  of  uhimate  intention.  Fig.  206  is  an  odd  article, 
which  may  have  been  a  completed  and  broken  implement,  or  an  un- 
finished one,  just  as  well.  What  we  call  the  lower  part  has  been 
broken,  giving  an  element  of  uncertainty  to  the  actual  or  intended 
form.  As  it  now  is,  it  is  two  and  three  eighths  inches  in  length,  and 
is  made  of  common  homstone.  One  side  is  flat,  and  the  other  neatly 
chipped  over  most  of  the  surface,  the  concave  edge  being  thickest. 
This  might  be  classed  among  implements  combining  the  knife  and 
scraper,  for  the  convex  edge  is  sharp.  There  are  hints,  also,  of  a 
future  modification  of  the  form.  The  striking  peculiarity,  however, 
is  the  rounded  point,  deeply  indented  below,  as  if  for  suspension. 
Fragments  like  this  and  the  last,  are  often  valuable  for  their  peculiar 
features.  ' 

Fig.  207  is  a  small  curved  scraper  of  common  flint,  about  one  and 
one  half  inches  long,  which  is  from  Cayuga  county.  It  diflfers  from 
those  already  described  in  having  simply  an  expanded  base,  without 
a  tang.  The  curve  is  greater  than  usual,  and  it  has  been  accepted  by 
some  as  the  flint  point  of  an  early  fish-hook,  for  which  it  might  have 
answered,  though  it  seems  too  short  and  thick  for  such  a  use.  On 
the  whole  it  seems  more  reasonable  to  place  it  among  the  curved 
scrapers,  for  grave  objections  might  be  made  to  the  other  use,  and  it 
certainly  closely  resembles  these. 

Fig.  208  is  simply  a  flint  pebble  of  an  oval  form,  split  in  two  and 
chipped  on  the  flat  siu-face.  These  pebbles  are  water-worn,  and  not 
very  large,  although  this  is  one  of  the  smaller  sizes.  They  seem  unfin- 
ished, although  neatly  chipped;  and  in  their  present  condition  would 
serve  only  for  scrapers.  This  one  is  from  Seneca  county,  and  they 
are  found  there  and  elsewhere,  although  nowhere  frequent. 

Fig.  209  is  one  of  the  smallest  forms  of  New  York  arrows,  of  the 
class  called  bird  points.  It  is  less  than  half  an  inch  long,  and  comes 
from  Tioga  county,  where  they  are  frequent,  but  with  various  out- 
lines. Many  think  these  were  made  for  children,  on  account  of  tiieir 
small  size,  but  they  are  quite  as  likely  to  have  had  other  uses. 
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FISHIMO  AND  8IONB  N£T  SlMKBBfi 

One  very  important  article  in  the  food  of  the  American  aborigines 
was  fish.  The  accounts  which  early  travelers  and  colonists  give  of 
the  abundance  of  all  descriptions  of  fishes  in  lakes  and  rivers,  seem 
wonderful  now,  when  we  are  trying  to  restore  them  to  some  degree 
of  their  early  condition,  and  yet  they  are  harmonious  and  well  sup- 
ported. The  only  difficulty  the  indian  had  was  to  preserve  and  store 
up  this  abundant  supply  for  hours  of  need.  In  Canada  and  New 
York,  eels  were  taken  in  vast  numbers,  and  were  easily  preserved  by 
smoking.  It  does  not  appear  that  this  was  ustial  with  fish  of  other 
kinds.  Salt  they  did  not  use,  and  it  was  distasteful  to  them.  The 
Iroquois  now  ascribe  their  degeneracy  and  lack  of  manly  vigor,  to 
using  salt  meat,  instead  of  obtaining  all  its  fresh  juices,  as  their 
ancestors  did. 

It  becomes  a  matter  of  interest  to  know  how  they  took  the  fish 
which  swarmed  in  every  stream,  for  certain  relics  have  direct  refer- 
ence to  this.  In  doing  so,  however,  bare  allusion  will  be  made  to 
harpooning,  for  the  harpoon  of  colonial  limes  was  made  of  bone  or 
horn,  and  sometimes  of  wood  and  iron,  thus  lying  outside  of  those 
chipped  stone  implements  to  which  this  paper  relates.  Only  inci- 
dentally will  angling  be  touched  upon,  for  the  same  reason. 

In  the  account  of  Champlain's  voyages,  that  great  discoverer  told 
of  Huron  customs.  '  The  men  make  the  nets  to  capture  fish  in 
summer  as  well  as  in  winter,  when  they  generally  fish,  reaching  their 
prey  even  below  the  ice,  either  with  the  line  or  the  seine.'  This  winter 
fishing  was  described  by  others  as  well  as  Champlain,  but  he  mentions 
the  fact  which  is  of  importance  here,  that  the  net '  sinks  to  the  bottom 
of  the  water  by  means  of  certain  small  stones  attached  to  the  end.' 
While  Sagard  describes  the  making  of  Huron  nets  and  their  use,  he 
says  nothing  of  these  weights,  for  the  one  was  a  necessity  of  the  other. 
He  does,  however,  allude  to  one  fact  in  angling,  which  is  important 
if  we  substitute  the  curved  and  slender  stone  drill  for  the  piece  of 
bone.  He  said,  '  We  found  in  the  bellies  of  several  large  fishes, 
hooks  made  of  a  piece  of  wood  and  a  bone,  so  placed  as  to  form  a 
hook,  and  very  neatly  bound  together  with  hemp.'  A  figure  has 
been  given  of  a  New  York  stone  perforator,  suitable  for  this  use.   The 


.dbyGoOglc 


J 


70  NEW  YORK   STATE   MUSEUM 

Canadian  institute  has  several  well  adapted  for  this  also,  varying  from 
two  and  one  quarter  to  four  inches  in  lengft.  The  early  Huron  prac- 
tice of  marrying  the  nets  to  two  young  girls,  is  well  known,  and 
seemed  long  established  when  the  French  first  met  them.  The  Al- 
gonquins  had  an  old  story  that  Michabou  taught  their  ancestors  how 
to  make  nets,  having  taken  the  hint  from  watching  a  spider  catch  s 
Sy.  Nets  were  therefore  plainly  an  aboriginal  invention,  aad  tiieir 
use  is  directly  connected  with  the  lai^  numbers  of  flit  net  stones 
found  by  all  considerable  streams.  These  aett  were  made  of  native 
hemp,  out  of  which  sMne  of  the  New  York  Iroquois  still  make  thread 
in  their  primitive  way. 

Mr  WilGam  L.  Stone  gave  Dr  Rau  an  '  account  of  a  stone  struc- 
ture, evidently  a  fish-pen,  in  the  state  of  New  York.'  It  was  on  the 
right  or  south  bank  of  Fish  creek,  the  outlet  of  Saratoga  lake,  and 
the  plan  and  description  will  be  found  on  page  201,  of  Prehistoric 
Hshitig.  It  is  a  matter  of  considerable  interest,  and  Mr  Stone  readily 
disposes  of  a  seeming  difficulty,  the  fact  that  the  opening  to  the  pound 
was  down  stream,  by  supposing  that  it  was  employed  mainly  when 
the  fish  were  ascending  the  creek  to  spawn.  Such  pounds  were  fre- 
quent among  the  inddans  elsewhere  within  historic  times,  made  of 
stones  or  wood,  and  there  is  no  great  difficulty  in  assigning  such  a  use 
to  this.  In  Sullivan's  campaign,  in  1779,  a  town  was  destroyed  on 
the  present  site  of  Waterloo,  where  were  '  several  fish  ponds  abound- 
ing opposite  the  town.'  This  was  the  statement  of  Sergeant  Major 
George  Grant.  Gen.  John  S.  Qark,  a  well  known  antiquarian  made 
a  note  on  this:  '  These  were  circular  enclosures  of  stone  from  30  to 
40  feet  in  diameter,  built  upon  the  rocky  bed  of  the  stream,  where  the 
water  was  neither  very  deep  or  rapid,  so  constructed  as  to  permit  the 
water  to  pass  through,  but  to  retain  the  fish.'  These,  of  course,  were 
simply  places  for  keeping  surplus  stock. 

These  were  modern  structures.  When  the  famous  '  Lessee  com- 
pany '  made  its  agreement  with  the  Six  Nations  in  1787-88,  the  In- 
dians reserved  '  one  half  of  the  falls  and  convenient  places  for  weirs, 
forthepurposeof  catching  fish  and  eels, from  Cross  lake  to  the  Three 
Rivers.'  Without  questioning  whether  eels  are  fish,  it  is  clear  that 
the  Iroquois  attached  importance  to  the  use  of  weirs,  and  that  some 
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might  be  even  now  looked  for  in  the  waters  mentioned.  When 
Francis  A.  Vanderkemp  descended  the  Oneida  river,  in  1792,  at  one 
rift  he  remarked, '  It  was  said  here  was  an  ancient  Indian  eel-weir  — 
by  which  this  natural  obstruction  in  the  bed  of  the  river  had  been 
increased.' 

Several  such  stone  weirs  still  remain  in  the  Seneca  river,  in  a  more 
or  less  fragmentary  condition.  One  which  is  several  hundred  feet  in 
extent,  runs  in  a  zigzag  way  across  the  river,  and  two  deep  bays  are 
in  excellent  ari^.  The  third  was  removed  to  permit  the  passage  of 
large  boats.  The  French  iiiiiiMwmlLj  mentioned  such  structures 
here  in  1656,  in  these  tenns:  '  The  fish  which  "are  ■WMtooaimon  here 
are  the  eel  and  salmon,  which  are  fished  for  trom  the  spring  until  fhe 
end  of  autumn,  our  savages  managing  so  well  their  dykes  and  weirs, 
that  they  take  at  the  same  time  the  eel  which  is  going  down,  and  the 
salmon  which  is  going  up.'  They  also  speared  fish  by  torchlight,  but 
often  used  a  peculiar  woodm  spear  for  this.  Fifty  years  earlier  they 
had  bone  harpoons. 

There  are  several  early  accounts  of  the  use  of  these  fish-weirs,  in 
various  parts  of  the  country,  and  Loskiel  gives  that  which  was  com- 
mon in  Pennsylvania,  when  the  shad  ascended  the  rivers.  '  The  In- 
dians run  a  dam  of  stones  across  the  stream,  where  its  depth  will 
admit  of  it,  not  in  a  straight  line,  but  in  two  parts,  verging  towards 
each  other  in  an  angle.  An  opening  is  left  in  the  middle  for  the  water 
to  run  off.  At  this  opening  they  place  a  large  box,  the  bottom  of 
which  is  full  of  holes.  They  then  make  a  rope  of  the  twigs  of  the 
wild  vine,  reaching  across  the  stream,  upon  which  boughs  of  about 
six  feet  in  length  are  fastened  at  the  distance  of  about  two  fathoms 
from  each  other.  A  party  is  detached  about  a  mile  above  the  dam 
with  this  rope  and  its  appendages,  who  begin  to  move  gently  down 
the  current,  some  guiding  one,  some  the  opposite  end,  whilst  others 
keep  the  branches  from  sinking  by  supporting  the  rope  in  the  middle 
with  wooden  forks.  Thus  they  proceed,  frightening  the  fishes  into 
the  opening  left  in  the  middle  of  the  dam.' 

Though  their  use  may  be  infeired  in  this,  nothing  is  said  of  stone 
sinkers.  In  another  account,  published  by  Adair  in  1775,  there  are 
mentioned  on  the  vine, '  stones  attached  at  proper  distances,  to  rake 
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the  bottom.'  This  was  another  use  of  the  flat  stone  sinker,  differing 
slightly  from  its  use  in  nets.  The  polished  and  grooved  plummets, 
5o  distinct  from  these,  had  other  uses,  though  notably  most  abun- 
dant at  two  early  fishing  resorts.  The  grooved  pebbles  were  many 
of  them  sinkers. 

It  may  be  remarked  that  the  Hurons  and  others  placed  hurdles  in 
streams,  with  nets  across  the  openings,  and  that  the  Oneidas  in  New 
York  made  fish  pounds  with  two  rows  of  stakes  across  streams, 
driving  the  fish  into  them  and  killing  them  there. 

The  flat  stone  sinker  was  easily  made  by  the  aborigines,  and  in 
fact  is  still  made  and  used  by  their  white  successors.  A  small  flat 
stone  was  found  and  neatly  chipped  around  the  edge,  or  sometimes 
left  almost  unchanged.  As  a  sinker  it  might  have  two  to  four  oppo- 
site notches  by  which  it  could  be  attached  more  securely.  If  used  as 
a  quoit,  the  notches  might  be  omitted,  and  the  whole  surface  neatly 
chipped.  This  was  the  sole  difference  between  these  two  forms, 
which  might  be  large  or  small  in  either  case.  Occasionally  a  small 
and  thin  smooth  pebble  is  found  on  a  village  site,  not  over  an  inch 
across  and  with  two  opposite  notches  cut  in  the  edge.  These  have  no 
relation  to  either  of  the  preceding  forms.  There  are  also  grooved 
and  chipped  stones  cA  considerable  size,  which  were  used  for  anchors, 
but  these  are  somewhat  rare,  A  series  of  grooved  elliptical  pebbles 
may  be  classed  with  those  of  picked  stone,  although  probably  net 
sinkers.   They  occur  most  frequently  on  Cayuga  and  Seneca  lakes. 

Some  of  the  flat  sinkers  are  quite  large.  Dr  Ran  figured  one  which 
was  eight  inches  across,  and  one  and  three  eighths  inches  thick,  the 
wdght  being  two  pounds  and  fourteen  ounces.  Dr  Abbott  found  one 
on  the  Delaware  river,  which  was  eight  inches  square,  and  had  four 
notches.  The  weight  was  nearly  five  pounds.  Here  they  are  rarely 
much  over  six  inches  across,  when  of  the  typical  form.  One  fine 
one,  however,  unwrought  except  by  the  slight  notches,  is  nearly 
seven  inches  across,  and  two  and  three  quarters  thick.  It  may  have 
been  used  for  an  anchor,  tor  which  it  is  well  fitted  in  every  way. 

While  abundant  near  many  fishing  places  on  the  land,  heaps  of 
them  have  been  found  in  Onondaga  lake  below  the  present  low 
water  mark,  itself  the  result  of  drainage.    The  unnotched  forms  are 
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found  on  village  sites,  more  or  less  remote  from  water,  and  undoubt- 
edly were  some  form  of  quoit,  or  they  might  also  have  been  used 
somewhat  like  the  southern  chungke  stone.  They  occur  in  many 
places  where  they  have  attracted  little  or  no  attention.  Fig,  zii 
represents  an  example,  made  from  red  sandstone.  This  has  no 
notches,  and  was  found  on  a  village  site  in  Cayuga  county,  four  miles 
from  any  water  where  nets  could  have  been  used.  Notched  forms, 
however,  occur  in  earthworks  from  one  and  a  half  to  three  miles 
from  water.  Fig.  212  is  a  good  example  of  the  notched  form,  three 
and  seven  eighths  by  four  and  one  quarter  inches.  This  is  a  grey 
sandstone  sinker  of  medium  size,  from  Cross  lake,  and  is  rather  thin. 
The  larger  sinkers  usually  have  four  notches.  Grooved  sinkers  or 
anc!"ors  of  the  larger  and  ruder  forms  scarcely  require  illustration. 
One  of  coarse  sandstone  comes  from  Brewerton,  and  is  six  inches 
long  by  four  and  one  quarter  wide,  the  thickness  being  three  inches. 
On  the  flattened  surface,  lengthwise,  a  broad  and  deep  groove  goes 
all  the  way  around.    Few  worked  anchors  are  found. 


This  is  a  summary  of  the  leading  forms  of  chipped  stone  imple- 
ments found  in  New  York-  They  preceded  and  survived  the  finer 
articles  of  polished  stone,  which  is  naturally  the  next  subject  to  be 
treated,  and  of  which  New  York  furnishes  so  many  good  examples. 
That  every  important  locality  will  yield  striking  varieties  of  chipped 
implements  not  here  illustrated,  is  to  be  expected.  The  purpose  of 
such  a  paper  is  to  furnish  information,  but  yet  more  to  be  a  basis  for 
comparison,  so  that  collectors  may  judge  of  the  real  value  of  the 
articles  they  find,  and  thus  be  induced  to  contribute  rare  specimens 
to  this  department  of  the  state  museum. 

In  conclusion  it  may  be  said  that  the  value  of  many  articles  depends 
greatly  upon  the  places  where  they  were  found,  and  that  a  good 
record  of  localities  is  essential  to  scientific  progress.  A  good  local 
map,  on  which  sites  may  be  placed ;  a  book  of  outlines,  however  rude, 
with  descriptive  notes,  will  aid  greatly  in  doing  a  noble  work  for  the 
,  people  of  New  York.   These  every  collector  should  have. 
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PREFACE 


This  bulletin  was  prepared  at  the  request  of  ihe  chainnan  of  the  state 
museum  committee  for  a  report  on  the  road  materials  of  New  York. 
Having  ascertained  what  might  be  worth  publishing  on  this  subject,  it 
appeared  desirable  to  add  a.  short  discussion  on  the  road  problem  in  our 
state. 

It  has  been  the  writer's  aim  to  make  the  pamphlet  as  brief  as  possible 
and  therefore  easily  read.  He  has  endeavored  to  discuss  concisely  what 
appeared  to  him  the  salient  points  of  the  problem,  and  his  purpose  has 
been  rather  to  bring  to  public  attention,  facts  not  generally  appreciated 
than  to  discuss  matters  of  common  knowledge. 

In  preparing  this  report  the  writer  has  communicated  with  about  two 
thousand  quarrymen,  and  has  acquired  much  information  concerning  local 
variations  in  rock  used  as  road  metal,  but  it  does  not  seem  pertinent  to 
this  preliminary  pubhcation  to  discuss  details  which  might  obscure  the 
main  points.  It  seems  also  inadvisable  to  publish  statements  which  dis- 
criminate between  the  products  of  various  quarries  until  further  study 
has  established  their  correctness  beyond  all  possibility  of  criticism. 
These  details  are  therefore  reserved  for  future  publication. 

The  report  of  the  special  committee  on  good  roads,  transmitted  to  the 
legislature  Jan.  14,  1896,  is  recommended  to  the  attention  of  all  who 
wish  to  inform  themselves  on  the  details  of  the  present  situation  in  New 
York,  Massachusetts,  Connecticut  and  other  states. 

Attention  is  also  called  to  the  publications  of  the  Bureau  of  Road 
Inquiry  of  the  U.  S.  Dept.  of  Agriculture. 

It  being  impossible  with  the  museum  funds  at  hand  to  erect  a  labora- 
tory for  the  testing  of  New  York  road  materials,  the  writer  applied  for 
assistance  to  the  Massachusetts  Highway  Commission,  which  courteously 
and  generously  agreed  to  test  some  representative  samples  of  New  York 
road  material. 

In  the  following  pages  the  Massachusetts  Commission  has  been  quoted 
exclusively,  not  from  a  desire  to  ignore  the  work  in  other  states,  such  as 
New  Jersey  and  Connecticut,  but  because  the  problems  in  Massachusetts 
are  simitar  to  those  in  New  York,  and  the  Commission  in  question 
seemed  to  have  studied  and  reported  on  the  situation  it  had  to  deal  with 
in  a  more  detailed  and  exhaustive  way. 

To  Prof.  N.  S.  Shaler  and  the  other  Highway  Commissioners  of 
Massachusetts,  the  writer  desires  to  express  his  deep  obligations  for  many 
favors  received. 

FREDERICK  J.    H.    MERRILL 

Albany,  Sept.  i,  rSg; 
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INTRODUCTION 


Good  Roads  in  New  York 

The  present  condition  of  the  highways  of  New  York  is  about  the  same 
as  that  of  the  roads  of  England  at  the  beginning  of  this  century,  when 
they  were  so  bad  and  the  toll  rates  were  so  high  that  the  subject  of  their 
improvement  forced  itself  upon  the  attention  of  the  British  public.  From 
the  investigations  which  ensued  under  the  supervision  of  prominent 
engineers,  certain  rules  for  road  building  were  formulated,  the  adoption  of 
which  led  to  the  construction  of  the  fine  highways  for  which  Great 
Britain  has  so  long  been  famous. 

At  that  time  there  were  no  railroads  in  England  and  all  produce  was 
transported  by  wagon  or  canal  so  that  the  subject  of  road  improvement 
was  one  of  great  commercial  importance.  The  necessities  of  the  occa- 
sion brought  to  the  front  in  Great  Britain  many  road  engineers,  most 
prominent  among  whom  were  Macadam  and  Telford,  advocates  of  two 
different  systems  of  road  building,  which  are  now  used  variably,  accord- 
ing to  the  nature  of  the  ground  where  the  road  is  to  be  built.  Road 
building  under  state  supervision  has  long  been  a  feature  of  European 
government  and  the  time  has  now  come  when  it  must  be  recognized  as 
a  necessary  function  of  government  in  the  United  States. 

The  important  reasons  for  road  improvement  throughout  our  country 
are  three :  ist  ihe  desirability  of  reducing  the  cost  of  hauling ;  2nd  the 
importance  of  making  most  of  our  roads  fit  f6r  pleasure  driving,  thereby 
attracting  to  the  rural  districts  in  summer,  thousands  of  people  who 
create  a  local  market  for  various  farm  products ; '  3rd  the  economic  princi- 
ple of  preventing  ihe  great  waste  of  labor  which  is  now  fruitlessly 
expended  in  making  bad  roads. 

The  state  of  Massachusetts,  which  in  our  own  country  leads  in  syste- 
matic road  building,  has  a  highly  organized  highway  commission,  which 
has  been  at  work  since  1S94.  Under  the  direction  of  this  commission 
the  important  highways  of  the  State  have  been  measured  on  the  new 
topographic  map  and  their  total  length  determined  to  be  20,500  miles, 
exclusive  of  minor  cross  roads.  The  commission  has  projected  the 
construction  of  a  network  of  slate  roads  amounting  to  10  ^  of  the 
whole,  connecting  the  more  imporunt  points  throughout  the  state.    At 
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different  points  on  this  projected  network  the  commission  has  constructed, 
by  request  of  local  authorities,  short  pieces  of  road  a  mile  or  more  in 
length,  according  to  the  most  approved  methods  of  road  building,  to 
serve  as  object  lessons  and  create  by  the  experience  of  their  high  quality 
a  public  demand  for  farther  construction.  These  short  pieces  are  ex- 
tended from  year  to  year  to  carry  out  the  general  plan. 

Through  the  courtesy  of  the  commission  I  am  enabled  to  make  a  state- 
ment of  the  appropriations  and  expenditures  from  1894  to  the  present 
time.  I  quote  the  following  from  a  letter  written  to  me  by  Mr.  A.  B. 
Fletcher,  secretary  : 

"In  1894  and  1895,  86.37  miles  of  road  were  laid  out.  These  roads 
cost  on  an  average,  for  actual  construction  expenses,  about  $9,612.  per 
mile,  and  the  engineering  and  inspection  charged  to  tliem  was  $1,130.  per 
mile,  making  a  total  of  $10,741.  the  average  cost  of  the  roads  per  mile, 
exclusive  of  office  expenses  and  salaries  of  the  commission  and  clerks. 

"  In  1896  39.8  miles  of  road  were  laid  out.  These  roads  not  being 
complete  in  all  cases,  the  cost  shown  is  to  some  extent  an  estimate.  It 
is  estimated  that  these  roads  will  average  about  $7,9co  per  mile  for  the 
actual  construction,  and  $741  for  the  engineering  and  inspection,  a 
total  of  $8,641  per  mile." 

The  appropriations  for  the  use  of  the  commission  have  been  as  follows : 

1894 $300,000 

1895 400,000 

1896 600,000 

1897 800,000 

Total $2,100,000 

From  this  it  will  be  seen  that  with  three  years  of  careful  work,  Massa- 
chusetts has  built  iz6  miles  of  good  road  in  dilTerent  parts  of  the  slate 
to  serve  as  object  lessons  to  the  people. 

As  this  official  statement  shows,  in  1896,  with  an  appropriation  of 
$600,000,  Massachusetts  constructed  forty  miles  of  high  class  road. 
Since  the  appropriation  for  1897  is  $800,000,  it  may  be  assumed  that  a 
much  larger  mileage  will  be  completed.  As  a  certain  proportion  of  the 
money  appropriated  is  used  for  official  and  clerical  salaries  and  expenses, 
the  whole  of  the  appropriation  is  not  available  for  road  building  alone, 
but  assuming  the  number  of  miles  to  be  constructed  in  1897  at  80,  it 
appears  that  the  total  mileage  Co  be  rebuilt  (2,000)  would  be  completed 
at  this  rate  in  25  years.  It  will  be  seen  that  the  plan  of  road  improve- 
ment now  adopted  in  Massachusetts,  is  not  intended  to  provide  for  any 
general  improvement  in  the  18,500  miles  of  public  highway  not  included 
in  the  system  to  be  rebuilt  by  the  state,  except  through  the  influence  of 
the  object  lessons  furnished  in  the  local  examples  of  new  state  roads. 
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The  Problem  of  Road  Improvement  in  New  York 

It  being  generally  conceded  that  better  roads  are  a  necessity  in  New 
York  and  there  being  no  economical  way  of  obtaining  good  roads  except 
by  building  the  best,  the  question  arises  as  to  the  source  of  the  money 
necessary  to  do  ihis  work. 

High  class  roads,  if  not  built  by  the  state,  can  at  present  be  afforded 
only  in  regions  inhabited  by  perEons  of  more  wealth  than  the  average 
farmer.  Near  the  large  cities  are  great  areas  tenanted  by  those  who  have 
business  in  the  city,  but  prefer  to  live  in  the  country.  There  the  prop- 
erty values  are  much  higher  than  in  regions  exclusively  devoted  to 
agricultural  interests  and  the  taxes  being  proportionately  higher,  it  is  pos- 
sible to  spend  more  money  in  road  building.  Under  the  present  sys- 
tem of  road  tax  prevalent  over  the  greater  part  of  the  state,  the  equivalent 
of  about  $75  a  mile  per  annum  is  supposed  to  be  raised  in  each  road 
district  outside  of  the  village  corporation  limits,  and  it  frequently  happens 
that  the  whole  of  the  tax  is  not  worked  out.  Moreover,  in  many  districts 
the  people  work  their  road  taxes  without  intelligent  supervision  and  often 
not  only  is  the  labor  wasted  but  the  roads  are  made  worse. 

The  state  of  New  York  having  an  area  six  times  as  great  as  that  of 
Mas.sachusctts,  has  probably  six  times  as  many  miles  of  important  roads ; 
there  being  as  yet  no  complete  map  of  our  state,  it  is  impossible  to  make 
accurate  measurement.  The  total  mileage  of  important  roads  in  New 
York  may  therefore  be  estimated  at  113,000.  This  figure,  while  only 
an  approximate  maximum,  is  suflicieiitly  accurate  for  purposes  of 
estimate. 

If  it  were  decided  to  improve  10%  of  this  total  according  to  the  Mas- 
sachusetts plan,  there  would  be  12,300  miles  of  road  to  build.  While 
Massachusetts  now  appropriates  $800,000  a  year  for  road  building,  New 
York,  if  doing  this  work  at  the  same  rate  in  proportion  to  her  size,  would 
appropriate  $4,800,000  a  year.  This  sum  would  be  more  than  one  third 
of  the  total  amount  raised  in  New  York  by  direct  taxation,  which  is  now 
in  round  numbers  $12,033,651.80.  This  is  undoubtedly  too  large  a 
burden  to  be  carried,  but  we  could  safely  afford  to  spend  from  $600,000 
to  $1,000,000  per  year  in  this  work,  which  can  not  be  avoided  and  must 
sooner  or  later  be  undertaken. 

In  senate  bill  no.  330  of  1897  introduced  by  Hon.  Richard  Higbie,  it 
was  proposed  to  levy  '  in  ihe  general  appropriation  act  of  each  year,  a 
Ux  rated  at  one  tenth  of  a  mill  upon  the  entire  valuation  of  the  state, 
which  shall  be  known  as  the  state  highway  tax.' 
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The  total  value  of  taxable  property  for  the  current  year  is  stated  by 
the  com|)troner  to  be  $4,506,985,694.  This  sum  when  taxed  at  the  rate 
of  one  tenth  of  a  mill  would  yield  an  annual  amount  of  $450,698.56 
available  for  the  construction  of  state  highways.  On  this  basis  each  tax- 
payer would  contribute  only  10  cents  on  each  $1,000  of  assessed  valua- 
tion. 

It  is  considered  by  many  that  the  wiser  method  would  be  to  divide 
the  cost  between  the  state,  the  county  and  the  UxaHiy  benefited. 

The  proportionate  division  suggested  in  senate  bill  no.  330  of  1897,  is 
one  half  by  the  state  and  one  half  by  the  county  ;  it  being  also  provided 
that  the  amount  paid  by  each  county  may  be  apportioned  by  the  board 
of  supervisors  so  that  35^  of  the  cost  shall  be  a  general  county  charge 
and  15%  a  charge  upon  the  town  in  which  the  improved  highway  is 
located,  or  to  be  assessed  upon  and  paid  by  the  owners  of  the  lands  bene- 
fited, according  as  the  request  for  the  improvement  comes  from  the  board 
of  supervisors  of  the  county  or  from  the  owners  of  one  third  the  lineal 
feet  frontage. 

As  it  is  to  be  expected  that  the  cost  of  road  building  in  New  York 
would  be  about  the  same  as  in  Massachusetts,  viz,  $10,000  per  mile,  the 
cost  of  rebuilding  at  state  expense  the  great  system  of  public  highways 
mentioned  .ibove  would  be  about  $133,000,000. 

If  so  large  a  sum  as  $4,800,000  a  year  were  appropriated  and  it  were 
found  possible  with  this  sum  to  build  480  miles  of  road  per  year,  a  period 
of  25.6  years  must  elapse  before  the  completion  of  the  work.  On  the 
other  hand,  if  New  York  were  to  appropriate  exactly  the  same  amount 
as  Massachusetts,  viz,  $800,000  per  year  and  could  build  80  miles  per 
year,  it  would  require  153-7'  years  to  complete  the  system  of  12,300 
miles.  During  all  of  this  time  and  for  all  time  to  come  there  would  re- 
main in  Nnv  York  a  vast  network  of  Jio,joo  miles  of  road  inadequately 
eared  for,  as  at  present,  unless  some  plan  for  intelligent  supervision  and  re- 
pair were  provided  in  addition  to  that  for  the  work  of  constructing  state 
highways. 

The  apparent  difficulty  of  enacting  legislation  involving  a  work  of  such 
great  expense  and  covering  so  long  a  period  of  time  leads  to  the  belief 
that  the  solution  of  the  road  problem  in  N-ew  York  is  to  be  found  in  the 
division  of  the  expense  of  state  road  construction  between  the  state,  the 
county  and  the  locality  benefited  as  already  mentioned.  Even  this  would 
not  be  a  rapid  process;  allowing  $1,000,000  for  the  construction  of  100 
miles  of  road  per  year,  123  years  would  be  required  for  the  completion  of 
the  undertaking. 
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The  foregoing  slalemetits  of  expense  and  time  are  not  made  as  argti- 
menls  against  state  roads,  but  to  call  attention  to  the  magnitude  of  the 
project  and  the  fact  that  the  work  must  be  carefully  planned.  It  does 
not  seem  necessary  that  the  facts  should  be  concealed  from  the  public  in 
order  that  the  work  may  be  undertaken.  It  should  not  be  assumed  that 
the  work  can  be  started  only  by  concealing  the  total  cost. 

The  legislation  hitherto  proposed  has  chiefly  aimed  at  a  few  state 
roads.  .  This  is  insufficient.  We  need  a  trained  supervision  over  all 
public  roads. 

In  order  to  meet  these  requirements  it  is  most  important  that  a  bureau 
or  commission  of  road  improvement  be  created  by  the  state  with,  at  first, 
a  small  appropriation  for  the  practical  study  of  the  road  problem  m  New 
York,  and  the  development  of  plans  for  the  building  of  state  highways 
and  the  working  of  all  other  roads  under  trained  supervision.  If  our 
next  legislature,  as  all  good  citizens  must  hope,  shall  decide  to  create  a 
commission  or  bureau  of  state  highways  or  a  superintendent  of  highways 
the  measures  then  enacted  should  provide  not  only  for  the  formation  of  a 
plan  to  build  certain  state  roads  which  sh.nll  be  models  of  engineering  work 
but  for  the  intelligent  supervision  of  the  general  r'epair  ■work  done  on  the 
other  roads  of  the  state  during  the  centuries  which  must  elapse  before  our 
main  roads  are  put  in  proper  condition. 

A  bill  was  introduced  into  the  legislature  of  1897  to  compel  the  pay- 
ment of  all  road  taxes  in  money.  While  this  is  a  most  important  measure 
which  should  be  made  a  law,  it  is  insufficient  as  it  provides  no  supervision 
over  the  manner  in  which  the  money  is  to  be  spent.  According  to  the 
observation  of  the  writer,  there  are  large  areas  in  New  York  where  the 
people  do  not  know  how  to  spend  their  road  taxes  lo  advantage, 
and  where  the  tax  if  actually  paid  in  money  would  still  be  wasted,  unless 
some  trained  supcrvi^iion  were  provided  by  statute. 

Not  every  civil  engineer  is  competent  to  superintend  road  work,  not 
every  farmer  is  ignorant  of  road  making ;  but  ft  frequently  happens  that 
commissioners  of  highways  have  not  the  necessary  experience  and  train- 
ing to  lit  them  for  their  office;  and,  serving  without  salary,  they  can  not 
afford  to  give  the  necessary  time  to  the  road  districts  under  their  super- 
vision. It  seems  indispensable  that  apart  from  and  in  addition  lo  any 
system  for  the  building  of  state  highways,  there  should  always  be  a  corps 
of  trained  inspectors,  men  of  experience  and  capacity  in  road  building, 
selected  solely  for  their  qualifications  and  under  the  direction  of  a  cen- 
tral bureau  or  commission,  who  would  in  each  county,  town  and  road  dis- 
trict supervise  the  work  on  roads  not  yet  being  rebuilt  under  state  supcr- 
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vision,  in  order  that  the  road  taxes  may  be  economically  and  efficiently 
spent.  Such  inspectors  must  necessarily  receive  salaries  commensurate 
with  their  qualifications.  These  salaries  should  be  paid  iti  part  by  the 
state  to  insure  central  control  and  the  adoption  of  uniform  standards 
and  in  part  by  the  counties  where  the  inspectors  are  stationed  in  order  to 
lessen  the  general  burden  of  taxation. 

The  League  of  American  Wheelmen  is  doing  much  in  New  Yorlc  to 
arouse  public  opinion  in  favor  of  good  roads.  It  is  to  be  hoped,  how- 
ever, that  this  influential  organization  will  not  confine  its  attention  to 
state  roads  alone  but  will  advocate  some  measure  to  improve  the 
general  system  of  road  supervision  and  repair. 

It  has  been  suggested  that  a  part  of  the  excise  revenue  under  the 
Raines  law  might  be  used  for  building  roads.  This  practical  question 
must  be  decided  by  the  people  and  their  representatives  in  the  legislature. 

Natural  Roads 

In  the  United  States  most  roads  have  natural  beds  and  the  character 
of  these  beds  is  determined  by  the  geology  of  the  region  in  which 
they  lie. 

Hence  the  road  beds  consist  of  clay,  sand,  loam  or  gravel,  or  occasion- 
ally are  on  the  surface  of  the  country  rock  whichmay  be  shale,  sandstone, 
limestone,  etc. 

From  the  fact  that  an  unfertile  soil  is  not  good  for  road  building,  it 
usually  happens  that  the  poorest  roads  are  in  regions  of  poor  farms  where 
properly  values  and  consequently  taxes  are  low  and  there  is  little  money 
to  spend  on  the  roads.  This  is  especially  true  in  slony  districts,  for  a 
stony  soil  is  a  most  unmanageable  material  for  a  natural  road. 

Of  the  natural  roads  those  on  clay  soil  are  best  in  dry  weather,  those  on 
sand  best  in  wet  weather.  When  wet  with  a  certain  proportion  of  water, 
fine  sand  becomes  hard  and  elastic  as  we  see  on  the  beaches  of  our 
Atlantic  coast,  where  good  natural  roads  are  found  near  the  water's 
edge. 

Of  the  natural  soils  the  best  for  road  purposes  are  those  variable  mix- 
tures of  sand  and  clay  called  loams.  Loam  roads  average  belter  through 
the  year  than  those  of  clay  or  sand.  A  limestone  gravel  makes  a  very 
good  road,  and  also  a  fine  quartz  gravel  mixed  with  clay. 

From  every-day  experience,  it  is  clear  that  natural  road  beds  are  not 
the  best  for  heavy  traflic  when  under  varying  conditions  of  m 
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is  also  clear  ihat  Tor  many  centuries  to  come,  large  areas  of  our  country 
can  hope  for  nothing  belter  than  good  natural  roads. 

The  faults  of  our  natural  roads  which  could  easily  be  remedied  are 
mainly  these : 

1  The  roads  are  too  narrow  and  too  high  in  the  center,  and  on  account 
of  their  narrowness  the  wheels  all  run  in  the  same  track  and  the  extreme 
curvature  of  the  road  bed  compels  the  wheels  to  run  on  the  edge  instead 
of  the  surface  of  the  tires,  the  combination  of  the  two  faults  causing  the 
formation  of  deep  ruts ; 

2  Loose  stones  are  allowed  to  remain  in  the  roads  and  the  work  of 
repair  is  not  directed  toward  keeping  the  surface  smooth ; 

3  Insufficient  attention  is  given  to  the  construction  of  drains  and 
culverts. 

Road  Construction 

The  experience  of  over  2,ooo  years  has  shown  conclusively  that  there 
are  two  essential  points  to  be  aimed  at  in  the  construction  of  a  perfect 

z    A  hard,  smooth,  waterproof  surface ; 

2    A  thoroughly  dry  foundation. 

These  principles  were  known  to  the  Romans  three  hundred  years 
before  Christ  and  used  in  the  construction  of  their  best  highways. 

The  surface  of  a  good  road  must  be  of  sufficient  strength  to  resist  the 
wear  and  tear  of  traffic,  and  smooth  enough  to  prevent  undue  strain  and 
wear  on  vehicles.  In  connection  with  this  the  soil  beneath  must  be  made 
dry  and  kept  dry.  Therefore  the  subject  of  road  drainage  is  as  important 
as  that  of  road  metalling. 

The  best  road  covering  is  composed  of  angular  fragments  of  some 
stone  which  will  grind  on  the  surface  into  a  dust,  which  when  wet  will 
bind  or  in  a  measure  cement  the  fragments  together,  so  that  water  will 
not  penetrate.  The  angular  form  Is  essential  lo  make  the  fragments 
interlock.  The  sizes  should  be  quite  uniform,  except  that  the  sui  face 
layer  may  consist  of  fragments  different  in  size  from  those  in  the  bottom 
course. 

The  total  thickness  of  this  metalling  must  be  at  least  six  inches  on  a 
natural  soil  foundation.  The  fragments  should  not  exceed  two  and  a 
half  inches  in  diameter,  and  should  be  rolled  in  two  separate  courses 
with  a  heavy  steam  roller  until  the  surface  is  absolutely  firm.  This  ii 
the  Macadam  system. 
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Where  ihe  soil  foundation  is  clay,  or  for  any  reason  difficult  to  drain, 
the  Telford  method  is  used.  In  this  case  a  course  of  flat  stones  about 
six  inches  deep,  set  on  edge  and  closely  wedged  together,  is  placed  upon 
the  soil  and  crushed  stone  is  placed  over  this  four  inches  thick  and  rolled 
solid.  In  good  practice  it  is  customary  to  roll  the  earth  before  the  stone 
is  laid  upon  it  and  then  loU  the  stone  foundation.  'I'he  Telford  founda- 
tion forms  a  bridge  which  prevents  the  road  from  sinking  in  moist  soil  and 
is  rendered  completely  efFecti«  by  tile  drains  on  each  side  of  the  road. 
After  the  road  is  built  if  must  be  kept  constantly  in  repair  and  the  neglect 
of  this  principle  is  to  a  great  extent  responsible  for  the  poor  roads  of  the 
United  States. 

The  Macadam  and  Telford  systems  above  described  are  necessary 
for  roads  designed  fur  heavy  traffic  in  all  weathers,  but  roads  for 
pleasuie  driving  in  summer  only,  do  not  need  the  same  expensive  prepa- 

As  an  example  of  the  methods  adopted  fur  the  construction  of  high 
class  roads  I  am  permitted  by  the  courtesy  of  the  Massachusetts  High- 
way Commission  to  quote  the  following  extracts  from  iis  pamphlet  of 
Instructions  to  engineers,  published  in  1896  ; 

Gravel.  Vou  will  use  gravel  for  surfacing  ihe  road  bed  under  tcl- 
ford;  also  for  surfacing  the  sub-grade  where  the  natural  soil  is  clayey, 
loamy,  or  where  ordered  under  other  conditions  by  the  chief  engineer. 
The  giavcl  must  be  practically  free  from  sand  and  clay. 

Broken  stone.  State  highways  arc  divided  as  follows  with  reference 
to  the  broken  stone  (sizes  given  are  in  inches)  t 

1  All  trap  rock,  t  bottom  ist  course  to  be  ij^  to  aj^  ;  top  course  to 
be  J4  to  I  ^  ; 

2  All  trap  rock,  both  courses  to  be  1^  to  2j^  ; 

3  Local  stone  other  than  trap,  bottom  course  to  be  \%  to  2}i  ;  top 
course  to  be  }4  to  i  ^  ; 

4  Local  stone  other  than  trap,  both  courses  to  be  yi  to  ly^  ; 

5  Bottom  course  of  local  stone  other  than  (rap,  J^  to  aj^ ;  top  course 
of  trap  rock,  |4  to  i  J^  ; 

6  Bottom  course  uf  local  stone  other  than  trap,  ^  to  2}^;  top  course 
of  trap  rock,  i%  io  2}4  ; 

7  All  trap  rock,  bottom  course  to  be  ^  to  i  J^ ;  top  course  to  be  1 1^ 
10  2,'-!  ; 

8  Local  stone  other  than  trap,  bottom  course  to  be  %  to  aj^  ;  top 
course  to  be  ij^  to  aj^. 

When  'local  stojie  other  than  trap '  is  used  you  must  not  allow  anysott 
or  disintegrated  rock  to  go  upon  the  ruad;  all  such  rock  must  be  rejected 
before  breaking.  If  the  contractor  fails  to  remove  such  rock,  immedi- 
ately report  the  fact  in  writing  to  the  chief  engineer. 
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All  brolten  stone  must  be  screened,  and  any  broken  stone  which  will 
not  pass  through  a  2%  inch  ring,  or  is  more  than  aji  inches  in  its 
largest  diameter,  must  be  rebrolcen  or  rejected. 

In  every  case  the  screenings  used  on  the  surface  as  a  binder  course 
must  be  of  the  same  kind  of  stone  as  the  top  course  of  the  road. 

Rolling.    When  possible  roll  the  sub-grade  wiih  a  steam  roller. 

If  the  sub-grade  is  too  sandy  to  roll,  cover  with  coarse  gravel  laid  on 
to  a  depth  of  3  inches,  or  as  much  more  as  may  be  needed  to  give  a 
good  foundation. 

Fill  any  depressions  with  the  same  material  until  the  surface  is  true  and 

All  broken  stone  must  be  rolled  in  screened  layers. 

After  spreading  the  first  course  of  broken  stone,  begin  rolling  at  the 
sides,  and  continue  this  by  running  ahead  so  as  to  allow  from  2  to  5 
inches  of  the  driving  wheel  to  pass  over  the  shoulder,  and  backward  with 
the  outer  edge  of  the  driving  wheel  from  5  to  10  inches  inside  the  edge  of 
the  broken  stone.  Roll  until  the  stone  ceases  to  '  wave '  in  front  ol  the 
wheels,  and  until  it  seems  firm  under  foot  as  you  walk  over  it.  Next 
begin  on  the  other  side  and  roll  in  the  same  manner.  Then  work  toward 
the  center  until  the  stone  is  rolled.  Roll  each  layer  of  stone  in  the  same 
manner. 

If  the  road  shows  a  wavy  motion  after  passing  the  roller  over  it  three, 
four  or  more  times,  it  may  indicate  too  much  moisture  in  the  sub-grade. 
If,  on  examination,  you  find  this  to  be  true,  stop  rolling  and  move  ahead, 
allowing  time  for  the  sub-grade  to  dry  out. 

With  some  coarse,  hard  granitic  rocks  it  has  been  noted  that  after  the 
roller  passes  over  them  a  few  times  they  begin  to  '  crawl '  and  the  sharp 
edges  break  off.  A  slight  sprinkhng  of  sand  or  stone  screenings,  or  water, 
may  prevent  this.  Try  one  after  another  of  these  means,  until  the  work 
progresses  to  your  satisfaction.  You  must  not  expect  to  prevent  the 
stone  from  shaking  as  you  walk  over  it,  but  you  need  to  continue  the 
rolling  until  the  fragments  of  stone  adjacent  to  where  the  foot  presses  do 
not  move  as  you  walk.  Most  of  the  rolling  must  be  done  before  you 
spread  the  screenings.  After  spreading  the  screenings,  water  and  roll 
until  the  mud  flushes  to  the  surface.  You  can  not  expect  to  prevent  the 
stone  from  kicking  out  if  the  teams  pass  over  the  road.  Keep  watch,  and 
in  a  few  days  have  the  roller  pass  once  or  twice  over  the  roarl,  after 
watering,  until  the  loose  stones  are  pressed  down  out  of  sight. 

Before  spreading  any  broken  stone,  great  care  must  be  taken  to  have 
the  sub-grade  carefully  shaped  and  thoroughly  compacted. 

All  shoulders  must  be  shaped  and  left  sufficiently  high  to  roll  to  the 
proper  grade,  before  any  broken  stone  is  spread  on  the  road. 

In  case  of  heavy  fills  you  must  not  run  the  roller  to  the  edge  of  the 
shoulders  unless  the  fill  has  had  time  to  settle.  Work  out  slowly  on  this 
kind  of  work. 

In  every  case  the  screenings  used  on  the  surface  as  a  binder  course 
must  be  of  the  same  material  as  the  top  course  of  the  road. 

Excepting  where  it  may  be  needed  to  compact  hard,  granitic  rocks,  as 
before  referred  to,  you  will  use  water  only  on  the  top,  or  binder  course. 

You  will  wet  this  binder  course  thoroughly  before  rolling,  but  not  to 
the  extent  of  saturating  the  foundation.     You  will  gel  better  results  and 
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prevent  the  screenings  from  being  picked  up  by  the  wheels  of  the  roller 
if  you  apply  ihe  water  and  allow  it  to  settle  down  below  the  top  surface 
before  passing  the  roller  over  it.  Too  much  water,  or  too  little,  will  give 
trouble  by  causing  the  surface  to  be  picked  up. 

Vou  must  not  under  any  conditions  roll  the  screenings  while  dry. 
You  must  not  under  any  conditions  allow  teams  lo  pass  over  the  road 
after  the  screenings  are  spread  and  before  they  are  rolled. 

In  case  of  a  deficiency  in  the  water  supply,  you  may  have  the  screenings 
spread  and  await  a  rain  before  rolling ;  but  in  such  case  the  road  must  be 
entirely  closed  to  travel,  and  the  rolling  must  be  begun  as  soon  as  the 
road  is  wet  and  continue  until  the  section  covered  with  screenings  is 
thoroughly  compacted.  In  such  cases  it  may  be  necessary  to  Operate  the 
roller  day  and  night,  and  you  must  insist  on  this  being  done.  In  case 
you  meet  with  any  difficulty  in  compacting  the  stone,  and  fail  to  under- 
stand the  cause,  report  immediately  in  writing  to  the  ofhce. 

Telford.  Tclfording  will  be  used  in  all  cases  where  the  road  passes 
over  clay,  or  wet  soil.  You  will  make  a  careful  study  of  the  road,  and 
report  in  writing  to  the  chief  engineer  where  in  your  opinion  telfording  is 
needed,  giving  a  description  of  the  soil,  together  with  the  general  scope 
of  the  adjacent  ground.  In  your  report  you  will  note  the  stations  be- 
tween which  the  telfording  may  be  needed. 

Where  telford  is  to  be  used,  you  will  see  that  the  road  bed  is  excavated 
and  carefully  rolled,  and  left  true  and  even,  corresponding  to  the  cross- 
section,  and  12  inches  below  the  established  grade  of  the  finished  work. 
You  will  then  cause  2  inches  of  gravel  to  be  uniformly  spread  over  the 
sub-grade.  On  this  sub  grade  you  will  ])Iace  a  foundation  of  stones, 
which  may  vary  in  size  as  follows:  4  to  10  inches  in  width,  6  to  20  inches 
in  length,  5  to  6  inches  in  depth  (not  more  ihan  10%  of  the  stone  to  be 
less  than  6  inches  in  depth).  The  stone  must  be  sound,  and  of  a  quahty 
approved  by  the  chief  engineer. 

The  telford  stones  shall  be  placed  by  hand,  vertically,  on  the  broadest 
edges  and  lengthwise  across  the  road,  so  as  to  form  a  close,  firm  pave- 
ment. They  shall  be  bound  by  inserting  and  driving  down,  in  all  places 
where  it  is  practicable,  stone  of  proper  size  and  shape  to  wedge  them  in 
their  proper  position.  No  large  stone  will  be  left  with  a  projecting  point 
coming  nearer  than  4  inches  to  the  linished  grade  and  cross-section.  If 
any  such  projection  be  found,  it  must  be  broken  off  to  allow  a  clear  depth 
of  4  inches  of  broken  stone. 

The  telfording  shall  then  be  rolled  with  a  steam  roller,  all  depressions 
filled  with  stone  chips  or  spalls,  rolled  and  left  true  and  even  and  4 
inches  below  the  finished  grade  and  cross-section.  If  a  drain  is  to  be 
put  in,  it  must  be  finished  after  the  excavation  is  made  and  before  the 
gravel  is  spread. 

Drains.  Where  telfording  is  used,  or  where  ground  water  from  a  side 
hill  may  work  injury  to  the  road,  you  will  build  drains. 

If  the  road  passes  through  a  cut,  you  will  place  a  drain  on  each  side. 

If  the  road  is  on  a  side  hill,  you  will  place  a  drain  on  the  up-hill 
side  only. 

All  drains  must  be  carried  to  a  proper  outlet,  either  to  a  culvert,  to 
another  drain  or  through  the  bank. 
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Where  it  is  necessary  to  extend  a  drain  to  an  outlet  beyond  the  section 
needed  to  be  drained,  you  will  lay  the  pipe  with  cement  joints  on  such 
extension,  and  omit  the  gravel  or  stone  in  the  trench. 

Where  a  pipe  is  carried  through  a  bank,  the  outlet  must  be  protected 
by  masonry,  as  provided  in  pipe  culverts. 

All  pipe  must  be  laid  true  to  the  line  and  grade,  and  no  pipe  is  to  be 
laid  on  a  grade  of  less  than  3  inches  in  100  feet. 

If  in  laying  out  a  drain  you  find  the  trench  is  likely  to  exceed  5  feet  in 
depth  below  the  finished  grade,  you  will  immediately  report  the  condi- 
tions in  writing  to  the  chief  engineer. 

The  center  of  the  pipe  in  all  drains  will  be  placed  ii  inches  outside  of 
the  line  of  broken  stone. 

When  the  grade  of  the  finished  road  is  3  inches  or  more  to  the  100 
feet,  the  bottom  of  the  drain  trench  must  be  3^^  feet  below  the  finished 
surface  of  the  road  at  that  part  of  the  cross-section. 

The  drain  trench  will  be  excavated  to  a  width  of  13  inches  at  the 
bottom  and  15  inches  at  the  top,  and  should  be  excavated  only  as  fast  as 
the  drain  can  be  finished. 

On  the  bottom  of  this  trench  you  will  place  2  inches  of  gravel  or 
broken  stone  which  will  pass  through  a  i^  inch  mesh  and  not  through  a 
half  inch  mesh. 

All  side  drain  pipe  will  be  5  inches  salt-glazed  vitrified  clay  pipe, 
with  bell  and  spigot  joint  (unless  stated  to  the  contrary  in  the  specifi- 
cation). 

The  pipe  is  to  be  laid  on  the  grade  hereinbefore  mentioned,  with  open 
joints  and  the  bell  end  toward  the  rising  grade. 

Gravel  or  broken  stone  of  the  sizes  already  described  will  be  filled 
about  the  pipe  and  over  it  for  a  depth  of  5  feet.  This  must  be  carefully 
tamped  about  and  rammed  over  the  pipe.  The  remainder  of  the  trench 
is  to  be  filled  with  stone  which  will  pass  through  a  3  inch  and  not 
through  a  i  inch  mesh.  Great  care  must  be  taken  to  prevent  any  sand, 
silt  or  earth  from  getting  into  the  pipe  or  the  interstices  of  the  stone  in 
the  trench. 

The  sub-grade  of  the  road  is  to  have  a  regiular  slope  to  the  edge  of 
ihe  drain. 

Gutters.  Paved  gutters  will  be  built  where  directed  by  the  chief 
engineer. 

No  gutter  is  to  be  laid  until  after  the  broken  stone  has  been  rolled. 

In  no  case  is  the  roller  to  pass  over  any  part  of  any  paved  gutter. 

Gutters  not  exceeding  400  feet  in  Icngih  shall  be  3  feet  wide  with  a 
shoulder  1  foot  wide  and  a  dish  of  3  inches. 

Gutters  exceeding  400  feet  in  length  shall  increase  the  dish  above  this 
length  at  the  rate  of  1  inch  to  each  300  feet. 

All  stone  used  in  gutters  shall  be  rounded  field,  bank  or  river  stone ; 
no  flat,  shaky  or  rotten  stone  shall  be  used. 

The  stone  may  on  the  average  lay  from  4  to  6  square  yards  to  the  ton. 
A  cubic  yard  may  be  estimated  to  weigh  1^  tons. 

The  larger  selected  sione  will  be  laid  in  the  gutter  itself  and  on  the 
edges  to  a  true  line  and  grade,  with  the  largest  diameters  lengthwise  of 
the  road.  All  other  stone  will  be  laid  with  the  longest  diameters  across 
the  gutter. 
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The  trench  shall  be  excavated  to  a  depth  of  12  inches  below  the 
finished  grade  of  the  gutter ;  gravel  shall  then  be  spread  and  rammed  to 
a  depth  of  4  inches.  A  layer  of  bedding  sand  or  gravel  free  from  stone 
larger  than  ^i  inch  in  diameter  shall  then  be  spread  of  a  sufficient  thick- 
ness 10  bring  the  gutter  stones  which  are  bedded  in  it  to  the  proper  grade 
and  iTOSs -sect ion  after  they  are  thoroughly  rammed. 

Each  stone  is  to  be  rammed  to  an  unyielding  ioundation.  The  sur- 
face shall  then  be  covered  with  sand  or  screened  gravel,  which  must  be 
well  broomed  into  all  joints.  The  stone  shall  then  be  re-rammed  and  the 
surface  left  true  and  even.  Sand  or  screened  gravel  shall  then  be  spread 
over  the  entire  surface  of  sufficient  depth  to  till  all  interstices. 

The  edge  of  the  gutter  toward  the  road  shall  be  left  J^  inch  below  the 
surface  of  the  adjoining  broken  stone;  in  no  case  must  It  project 
above  it. 

Any  broken  stone  which  may  be  disturbed  during  the  paving  of  the 
gutter  must  be  carefully  replaced  and  thoroughly  rammed. 

The  bank  on  the  outside  of  the  gutter  must  be  sloped  to  the  gutter,  so 
as  to  have  no  bunches  or  depressions  on  its  surface. 

These  extracts  show  the  careful  attention  paid  to  small  details  of  con- 
struction, in  the  state  highway  work  of  Massachusetts. 

Earth  Roads,  CoN.-^Tia'CTiox  axd  Maintknance 

It  is  not  proposed,  within  the  limits  of  this  article,  to  go  into  further 
detail  on  the  subject  of  road  building,  as  there  are  already  many  books 
in  which  this  subject  is  adequately  treated,  especially  the  construction  of 
Macadam  and  Telford  roads.  It  seems  important  however,  to  call  atten- 
tion to  some  of  the  diificulties  encountered  in  maintaining  earth  roads. 
If  there  were  no  rainfall  it  would  be  comparatively  easy  to  make  and 
maintain  roads  of  clay,  loam  or  gravel.  Rain,  snow  and  frost  are  the 
chief  sources  of  trouble.  Thforetkally  by  a  curved  cross-section  of  road 
bed  the  water  is  caused  to  flow  o^, practically  as  soon  as  the  road  bed  is 
softened  by  rain,  wheel  tracks  quickly  form  longitudinally  and  prevent 
the  water  from  escapmg  except  at  long  intervals.  It  therefore  is  of  little 
value  to  give  an  earth  road  a  cross-section  of  pronounced  curvature. 
The  nearer  flat  it  is  without  approaching  concavity  the  wider  the  bearing 
of  the  wheels  on  the  road  bed  and  the  less  the  cutting  by  them.  A 
slight  convexity  is  desirable  to  balance  the  wear  along  the  central  line. 

In  hilly  districts  where  grades  are  steep,  it  is  of  the  greatest  importance 
to  prevent  the  water  from  flowing  lengthwise  of  the  road.  This  is 
eS"ected  inexpensively  by  making  a  ridge  of  earth  across  the  road  which 
turns  the  water  to  one  side  or  the  other.  These  ridges,  which  are  called 
breaks  or  breakers  and  in  some  locahties  '  thank  you  ma'ams,'  are  uncom- 
fortable to  drive  over  and  have  little  durability.     On  very  steep  ascents 
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these  breaks  are  of  use  in  supporting  heavily  laden  wagons  while  the 
teams  are  resting. 

The  practice  of  chaining  a  wheel  in  descending  a  steep  htll  with  a 
loaded  wagon,  which  method  provides  an  inexpensive  substitute  for  a 
brake,  rapidly  wears  deep  ruts  in  hill  roads  and  in  the  '  breakers '  built 
across  them.  This  practice  is  far  more  destructive  than  the  use  of  narrow 
tires  and  should  be  prohibited  by  law  as  soon  as  possible.  On  hill  roads 
where  the  ascent  is  not  too  steep  to  permit  the  maximum  load  to  be 
drawn  continuously  so  that  it  is  not  necessary  for  the  team  to  stop  and 
rest,  a  very  satisfactory  substitute  for  '  breakers '  is  found  in  a  wooden 
box  drain  or  sluice  placed  across  the  road  at  a  slight  angle  with  the  per- 
pendicular, the  top  consisting  of  oak  slats  about  3  in.  x  4  in.  with  a 
space  of  about  2  in,  between  them.  These  .transverse  gratings  intercept 
and  carry  ofif  the  water  flowing  lengthwise  of  the  road,  which  if  allowed 
to  go  far  would  gain  in  volume  and  er<Tsive  power  until  serious  damage 
would  be  done. 

A  part  of  the  work  of  the  Massachusetts  Highway  Commission  has 
been  to  eliminate  steep  grades  from  the  roads  built  at  state  expense.  In 
many  cases  a  change  of  location  has  been  found  necessary  to  accomplish 
this  end. 

A  serious  cause  of  wear  on  roads  is  the  filling  of  the  gutters  with  snow 
and  ice  which  often  accumulates  to  such  a  height  as  to  make  the  center 
of  the  road  the  principal  line  of  drainage.  When  this  occurs  on  earth 
roads,  in  early  spring  a  large  volume  of  snow-water  follows  this  channel, 
seriously  damaging  the  road  and  necessitating  much  expense  in  its  repair. 
Even  the  best  type  of  Macadam  or  Telford  road  would  eventually  be 
damaged  in  this  way.  I  am  mformed  by  the  Massachusetts  Highway 
Commission  that  it  has  been  found  necessary  in  that  Slate  to  have  the 
snow  removed  from  the  gutters  in  order  to  prevent  damage  of  this 
character.  When  the  gutters  are  open  it  is  not  a  difficult  matter  to 
remove  the  snow  and  ice  if  sufficient  money  is  provided  for  the  purpose. 
It  is  however,  the  custom  in  our  rural  districts  to  have  gutter  bridges  and 
box  or  stone  drains  at  the  junction  of  private  roads  or  minor  cross  roads 
with  the  main  highways.  When  these  become  clogged  with  ice  as  they 
invariably  do,  it  is  impossible  to  clear  them  without  taking  them  apart 
and  this  is  rarely  practicable. 

In  Massachusetts  these  gutter  bridges  are  prohibited  on  the  new  roads, 
the  lateral  roads  being  made  to  meet  the  main  roads  at  a  very  gentle 
slope,  leaving  an  open  gutter  which  may  be  driven  over  without  discom- 
fort.    With  an  earth  road  it  would  be  difficult  to  maintain  such  an  open 
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gutter  at  road  intersections  unless  some  person  were  detailed  to  keep  it  in 
continuous  repair.  As  this  has  not  yet  been  found  practicable  on  public 
roads,  the  gutter  bridge  is  everywhere  in  use,  and  in  the  spring  it  is  a 
fruitful  source  of  injury  to  the  road.  It  will  be  seen  from  every  day  obser- 
vation and  from  the  details  stated  above  that  the  earth  road  while  as  yet 
all  that  the  people  have  agreed  to  have  in  New  York  has  necessarily 
many  elements  of  self-destruction  and  can  never  be  regarded  as  permanent. 
The  development  of  the  wheel  scraper  or  road  machine  has  made  it 
possible  however  to  keep  an  earth  road  in  good  condition  if  intelligently 
used. 

For  speedways  and  pleasure  driving  in  general,  a  well  kept  earth  road 
in  dry  weather  is  superior  to  all  others.  The  perfect  Macadam  or  Tel- 
ford road  is  too  hard  to  permit  of  very  fast  driving  without  injury  to  the 
feet  of  horses. 

Road  Materials  and  their  Distribution 

In  New  York  the  best  materials  for  road  metal  arc  trap,  granite  and 
magnesia n  limestone. 

Trap  is  a  general  term  for  some  of  the  basic  eruptive  rocks,  the  word 
being  related  to  or  derived  from  the  German  Treppen  which  signifies  a 
flight  of  steps  and  is  suggested  by  the  somewhat  regular  manner  in  which 
the  rock  is  jointed. 

The  trap  which  is  used  in  New  York  for  a  road  metal  is  a  diabase  and 
consists  chiefly  of  the  minerals  augite  and  labradorite,  the  former  being  a 
silicate  of  iron  and  magnesia  and  the  latter  being  a  lime-soda  feldspar. 
Other  minerals  are  present  in  small  quantity  but  do  not  influence  the 
properties  which  make  the  rock  valuable  as  a  road  metal. 

While  sufficiently  hard  to  resist  the  wear  of  heavy  traffic  to  a  satisfactory 
extent  it  jiossesses  a  high  degree  of  binding  or  cementing  power.  This 
means  that  the  dust  produced  by  wear  when  moistened  unites  quite 
firmly  and  forms  a  cement  which  binds  the  larger  fragments  to  a  consid- 
erable extent. 

This  property  is  most  noticeable  in  rocks  containing  much  lime,  mag- 
nesia and  alumina. 

Good  trap  is  known  only  in  Richmond  and  Rockland  counties,  and  in 
the  intermediate  area  of  New  Jersey  bordering  the  Hudson  river.  Its 
very  prominent  outcrop  is  known  as  the  '  Palisades,' 

Granite  consists  chiefly  of  quartz  mixed  with  one  or  more  of  the  feldspars 
and  hornblende  or  a  mica.  Hornblende  has  essentially  the  same  con: posi- 
tion as  augite  which  occurs  in  trap ;  and  a  hornblende  granite  should  be  a 
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very  good  road  metal.  Where  hornblende  is  absent  one  would  expect  to 
find  less  binding  power. 

Granite  is  harder  than  trap  and  therefore  should  resist  wear  better,  but 
this  quality  is  oftset  by  its  usually  smaller  binding  power  due  to  the 
presence  or  quartz  so  that  trap  should  be  preferred  as  a  rule. 

Granite  is  found  in  the  Adirondack  region  and  in  the  Highlands  of  the 
Hudson,  also  in  Westchester  county.  The  commercial  term  granite  in- 
cludes various  kinds  of  gneiss. 

MagDCSian  limestone  has  great  binding  power  but  is  quite  soft  and 
therefore  not  very  durable  for  heavy  traffic.  Chemically,  this  rock  is 
chiefly  a  carbonate  of  lime  also  containing  carbonate  of  magnesia,  alumina 
and  silica.     Limestone  entirely  free  from  magnesia  is  rare. 

It  has  been  suggested  that  this  stone  may  be  used  profitably  as  a  binder 
over  stone  of  less  binding  power. 

Limestone  is  found  chiefly  in  areas  parallel  to  and  near  the  main  line 
of  the  New  York  Central  railroad  and  in  a  zone  around  the  Adirondaclcs. 

Sandstone  consists  chiefly  of  quartz,  has  usually  no  lime,  magnesia  or 
alumina  and  therefore  has  no  binding  properties  and  never  makes  a  first 
rate  road,  as  the  fragments  continually  break  loose. 

In  New  York  the  best  road  materials  occur  in  certain  limited  areas, 
and  at  points  distant  from  these  the  cost  of  transportation  is  the  con- 
trolling feature  in  the  question  of  their  use. 

The  accompanying  map  shows  the  distribution  of  the  areas  of  rock 
already  mentioned  which  are  available  for  road  construction  in  New 
York. 

For  high  class  road  building,  trap  and  granite  will  be  preferred  and 
used  in  all  places  where  their  cost  is  not  prohibitory.  Experience  shows, 
however,  thai  unless  these  materials  are  used  under  the  direction  of  ex- 
perienced road  engineers,  they  are  less  satisfactory  than  limestone,  and 
when  it  is  proposed  to  macadamize  a  road  by  simply  covering  it  with 
broken  stone,  the  latter  though  less  durable,  will  be  more  satisfactory. 

When  granite  and  trap  are  properly  laid,  on  a  well  prepared  bed  and 
rolled  with  a  heavy  steam  roller  to  the  proper  standard  of  firmness, 
nothing  can  be  better,  but  where  no  steam  roller  is  available  and  the  sub- 
grade  is  not  properly  prepared,  the  trap  and  granite  are  liable  to  afford 
only  an  unpleasant  and  uneven  surface  of  hard  angular  fragments  which 
ceaselessly  roll  about  on  the  surface  of  the  road  injuring  the  horses  and 
making  pleasure  driving  impossible. 

Limestone  from  its  softness  and  greater  binding  power  is  more  easily 
rolled  into  an  even  surface  under  the  wheels  of  vehicles,  and  while  not 
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having  the  durability  to  support  heavy  traffic  for  a  long  time,  can  be 
cheaply  renewed  if  the  source  of  supply  is  not  far  distant.  This  fact  has 
been  recognized  for  a  long  time  at  points  within  easy  reach  of  the  lime- 
stone quarries.  In  Onondaga  county  at  many  points  a  portable  crusher 
has  been  used  to  crush  for  road  metal  the  blocks  from  the  limestone 
fences  which  are  cheerfully  donated  by  the  residents  for  the  improve- 
ment of  the  roads.  There  are  many  other  counties  in  which  this  might 
be  done  as  may  be  seen  from  the  map  which  shows  the  distribution  of 
the  limestone  areas.  In  most  of  these  areas  limestone  will  be  found  in 
the  fences  and  may  be  crushed  for  road  metal  at  small  expense. 

The  lists  of  quarrymen  and  the  maps  at  the  end  of  this  bulletin  explain 
the  distribution  of  materials  available  for  road  building. 

The  distribution  of  road  materials  may  also  be  studied  in  greater  detail 
on  the  Economic  Map  of  New  York  by  F.  J.  H.  Merrill  which  shows 
both  the  geology  and  the  mineral  deposits  on  a  scale  of  iz  miles  to 
I  inch  and  on  the  Preliminary  Geologic  Map  of  New  York  by  the  State 
Geologist  which  shows  the  geology  on  a  scale  of  5  miles  to  i  inch  { 

In  addition  to  the  outcrops  and  ledges  where  quarries  may  be  opened 
the  deposits  of  boulders  and  gravel  whrch  we  call  glacial  drift  often  yield 
good  materials  for  road  metal  at  a  long  distance  hrorn  the  original  source. 
'ITiese  deposits  cannot  as  yet  be  mapped  but  they  are  usually  well  known 
in  the  regions  where  they  occur. 

Tests  of  Road  Material 

The  most  practical  test  of  road  metal  is  actual  use,  and  this  has  been 
the  principal  guide  in  the  past ;  but  as  the  demand  becomes  greater  for 
new  localities  of  road  metal  in  order  to  reduce  transportation  charges,  it 
has  become  necessity  to  devise  physical  tests  which  may  be  used  in  the 
examination  of  new  materials  offered  for  road  building. 

The  following  description  quoted  from  the  report  of  the  Massachusetts 
Highway  Commission  for  1896,  describes  in  detail  the  methods  in  use  by 
that  organization.*  f 

LABORATORY    EXPERIMENTS   ON   FOADBUILDING   STONES 

The  following  described  results  were  obtained  in  the  highway  labora- 
tory of  ihe  engineering  department  of  the  Lawrence  Scientific  School  of 
Harvard  University.  Those  under  the  head  'Coefficient  of  abrasion' 
were  obtained  by  the  Deval  method,  which  has  been  employed  for  some 
time  by  the   French  engineers  for  determining  the  relative  value  of  the 

♦  Pp.  SM'-    t  In  thii  quotation,  metric  weighli  and  mtasurts  have  b«n  reduced  to  common 
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Stone  used  in  the  construction  and  maintenance  of  the  national  highways 
of  France.  These  results  are  said  to  agree  well  with  those  obtained  in 
actual  practice. 

The  apparatus  used  in  the  tests  consists  of  a  cast-iron  cylinder  8  in. 
in  diameter  and  13.6  in.  in  depth.  At  one  end  is  an  opening  which  can 
be  closed  with  a  tightly  fitting  iron  cover.  This  cylinder  is  mounted  on 
an  axle  at  an  angle  of  30°  with  the  axis  of  the  cylinder,  arid  is  supported 
on  an  iron  frame.  At  one  end  of  the  axle  is  a  pulley  wheel  by  which  the 
cylinder  is  revolved;  at  the  other  is  an  instrument  which  records  its 
revolution. 

The  stone  to  be  tested  is  first  broken  into  pieces,  between  1%  in. 
and  1 1^  in.  in  diameter,  which  are  carefully  washed,  to  remove  any  foreign 
oiatter.  In  the  cylinder  are  placed  5  kilograms  (i3^lbs.)  of  this  stone. 
The  top  is  then  bolted  on,  and  the  cylinder  is  made  to  revolve  for  5 
hours  at  the  rate  of  z,ooo  revolutions  an  hour,  making  in  all  10,000  revo- 
lutions. By  this  process  (he  stones  are  thrown  from  one  end  of  the 
cylinder  to  the  other,  and  at  the  same  time  are  rolled  against  the  sides 
of  the  vessel  and  against  one  another.  When  io,oqo  revolutions  are  com- 
pleted, the  cover  is  removed,  and  the  contents  emptied  into  a  tray.  The 
cylinder  is  then  thoroughly  washed,  to  remove  the  dust  that  adheres  to 
its  sides.  Each  stone  above  i^  in.  in  diameter  is  then  washed  under 
the  same  water.  This  water  is  then  filtered,  and  the  filirate  when  dry  is 
mixed  with  the  detritus  taken  from  the  cylinder.  The  detritus  is  then 
put  into  a  sieve,  by  which  it  is  separated  automatically  into  seven  sizes. 
These  seven  sizes,  together  with  the  stones  that  have  not  been  worn 
below  3.18  cm.  in  diameter,  are  each  carefully  weighed,  and  their 
weights  recorded. 

The  amount  of  detrition  under  1-16  in  ,  is  rarely  less  than  20  grams  per 
kilogram  of  stone  used^z  %^therefore  20  has  been  adopted  as  the  standard, 
and  the  coefficient  of  quahty  is  obtained  by  the  following  formula; 

q  ^  30  X  =    *  °       u  =:  per  cent 

in  which  u  represents  the  weight  in  grams  (15.43  grs^of  detritus  per 
kilogram  (z  2-3  lbs)  of  stone. 

It  seemed  well,  in  beginning  this  work,  to  be  guided  as  far  as  possible 
by  the  experience  of  others,  and  for  this  reason  the  Deval  test  was 
adopted,  for  it  appeared  to  be  the  only  practical  method  of  testing  road 
metals  yet  devised.  After  a  number  of  trials  were  completed  with  the 
Deval  apparatus,  and  their  results  studied,  it  was  recognized  that  all  the 
valuable  properties  possessed  by  a  good  road  metal  were  not  embraced 
in  this  test.  The  value  of  any  good  stone  as  a  road  metal  is  due  to  cer- 
tain properties  possessed  by  it.  Among  these  there  are  three  which 
stand  prominent^cementing  value,  toughness  and  hardness.  It  is  evi- 
dent that  the  Deval  apparatus  does  not  test  the  very  important  properly 
of  cementing  value  in  the  different  road  metals,  The  commission,  recog- 
nizing this  deficiency,  accordingly  directed  its  attention  to  devising  some 
means  of  supplying  it.  As  no  previous  attempt  has  been  made  in  this 
direction,  the  commission  had  to  invent  its  own  method,  which  is  as 
follows-. 

The  stone  to  be  tested  is  ground  to  a  powder,  and  passed  through  a 
sieve  of  100  meshes  to   1  m .    The  powder  is  then  put  in  a  slightly  tap- 
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ered  steel  die  of  circular  section,  about  r  3^  in.  diameter,  mixed  with 
water,  and  subjected  to  a  pressure  of  2,300  kilograms  (about  3  tons). 
The  resulting  briquette  is  then  put  aside  for  at  least  one  week,  so  that  it 
may  thoroughly  dry. 

It  was  at  first  thought  that  a  test  by  direct  compression  would  deter- 
mine the  cementing  power  of  the  stone.  A  number  of  briquettes  were 
tried  in  this  way,  but  the  results  were  not  very  satisfactory.  On  further 
consideration,  it  appears  that  a  test  by  Impact  would  more  thoroughly 
determine  the  cementing  power  of  the  stone' then  that  by  compression, 
and  this  method  would  have  the  further  advantage  of  approximating 
more  closely  to  the  actual  conditions  obtaining  on  roads;  accordingly  a 
machine  was  devised  for  testing  the  briquettes  by  impact.  With  ihis 
machine  a  hammer  one  kilogram  (2  2-3  lbs)  in  weight  can  be  dropped 
freely  from  any  desired  height  upon  a  plunger  under  which  the  briquette 
to  be  tested  is  placed.  The  hammer  works  automatically  and  is  tripped 
at  the  desired  height.  Attached  to  the  plunger  is  a  lever,  pivoted  at  one 
sixth  of  its  length  from  the  plunger,  and  carrying  a  pencil  at  its  free  end. 
The  pencil  has  a  vertical  movement  live  times  as  great  as  that  of  the 
plunger,  and  its  movement  is  registered  on  a  drum  against  which  the 
pencil  presses.  The  drum  rotates  through  a  small  angle  at  each  stroke 
of  the  hammer.  An  automatic  diagram  is  thus  taken  of  the  behavior 
of  the  briquette  throughout  the  whole  test. 

An  analysis  of  the  diagram  so  taken  shows  at  once  the  number  of  blows 
required  to  cause  the  destruction  of  the  briquette.  A  very  interesting 
point  is  brought  out  by  these  diagrams,  viz,  in  every  case  the  diagram 
shows  that  the  plunger  rebounded  at  each  stroke  until  the  briquette  began 
to  fail.  This  behavior  is  exactly  analogous  to  the  elastic  phenomena  ob- 
served in  all  material  of  construction;  consequently  the  point  at  which 
the  briquette  ceases  to  rebound  corresponds  to  the  elastic  limit  of  the 
material.     Beyond  this  point  the  briquette  falls  to  pieces  rapidly. 

Briquettes  were  made  from  many  kinds  of  stone,  and  were  tested  in 
this  machine.  It  was  thought  desirable  to  use  a  constant  blow  for  all 
the  briquettes,  and  a  short  experience  indicated  a  fall  of  i  ^  in.  as  suitable, 
since  it  broke  the  most  tenacious  materials  with  a  moderate  number  of 
blows,  and  yet  was  not  too  great  to  permit  the  careful  determination  of 
the  properties  of  the  poorer  stones.  All  the  briquettes  were  i  in. 
high. 

The  surface  of  a  macadamized  road  is  constantly  being  abraded  and 
recemented.  Evidently  a  road  made  from  a  material  which  has  the 
property  of  recementing  in  a  high  degree  will  keep  in  better  condition 
than  one  made  from  a  material  of  lower  recementing  power.  It  was 
therefore  desirable  to  determine  the  recementing  properties  of  the  stones 
tested.  A  new  set  of  briquettes  was  made,  differing  from  the  former 
only  in  that  they  were  of  constant  weight  instead  of  constant  height. 
These  were  tested  in  the  manner  described  above,  and  then  were  remade 
and  retested. 

It  has  not  been  thought  desirable  to  present  herewith  the  complete  data 
obtained  from  the  impact  test:  as  the  series  is  not  yet  completed.  The 
writer  has,  however,  collected  and  shown  in  the  accompanying  table 
some  ot  the  more  innportant  results  thus  far  obtained,  a  sufhcient  number 
to  indicate  the  scope  of  the  work  done.  In  this  table  the  stones  are 
arranged  in  the  order  of  their  power  of  resisting  abrasion.     Column  i 
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contains  the  specific  density  of  the  stones ;  column  2,  the  coefficients  of 
abrasion  (determined  in  the  manner  previously  described) ;  the  next 
column  gives  (he  number  of  blows  required  to  stress  the  1  in,  briquettes 
to  their  elastic  limits ;  column  4  gives  the  same  data  for  the  first  testing 
of  ihe  30  gram  (46i9r*briquettes  prepared  for  the  recementation  test, 
and  the  next  colum^  gives  the  number  of  blows  that  the  recemented 
briquettes  will  stand  before  reaching  their  elastic  limits." 

Through  the  courtesy  of  the  commission  six  specimens  of  typical  New 
York  rocks  were  subjected  to  the  abiasion  test  with  results  which  are 
noted  in  the  following  table ;  which  also  gives  the  results  of  some  tests  of 
Massachusetts  rocks. 
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As  shown  by  the  preceding  table,  the  New  York  rocks  tested  in  the 
laboratory  of  the  Massachusetts  Highway  Commission  were  only  sub- 
jected to  the  abrasion  test  and  therefore  the  results  can  not  be  fully  com- 
pared with  the  tests  of  the  Massachusetts  rocks  which  are  given  above. 
Two  samples  of  traps  were  tested,  one  from  the  Bouker  quarry  at  Gutten- 
burg  and  one  from  the  quarry  of  Conklin  &  Foss  at  Rockland  Lake.  The 
specimen  tested  from  the  Bouker  quarry  proved  to  be  very  much  harder 
than  that  from  the  Conklin  &  Foss  quairy.  There  are  two  varieties  of 
trap  found  in  the  Bouker  quarry  ;  one  being  considered  of  inferior  quality 
and  known  by  the  quanymcn  as  '*  false  trap."  It  is  part  of  the  lower 
portion  of  the  trap  mass  and  being  near  the  sandstone  which  forms  its  lower 
foundation,  it  cooled  more  rapidly  and  assumed  a  finer  texture  and  a 
harder  condition  than  the  mass  above.  Although  this  so-called  false  trap 
has  not  been  subjected  to  a  cementation  test,  one  would  expect  it  to 
prove  equally  valuable  with  the  rest  in  this  respect,  as  its  chemical  com- 
position is  probably  nearly  identical  with  that  of  ihe  softer  trap  imme- 
diately adjoining.     It  was  a  sample  of  the  "  false  trap  "  which  was  tested. 

It  is  stated  that  where  used  at  some  points  on  Long  Island  it  has 
proven  unsatisfactory,  the  fragments  not  holding  together  and  forming  an 
even  surface,  but  frequently  flying  out. 

The  attention  of  the  writer  has  been  called  to  (his  fact,  but  he  has  not 
sufficient  information  to  warrant  a  full  expression  of  opinion.  The  diffi- 
culty may  be  due  to  improper  construction  in  building  the  road.  It 
might  also  be  due  to  the  mixture  of  this  harder  variety  of  [rap  and  softer 
material  from  the  same  quarry,  it  being  well  established  by  experience 
that  unless  the  road-metal  in  the  surface  layer  is  of  uniform  hardness, 
it  will  not  wear  uniformly.  To  establish  the  truth  in  this  case  would  in- 
volve a  good  deal  of  experimental  work  for  which  no  funds  are  available, 
but  theorizing  on  the  facts  accessible,  there  seems  no  reason  why  the 
harder  trap  or  false  trap  should  not  make  a  good  road  provided  it  is  kept 
separate  from  material  of  different  hardness  and  is  laid  under  the  super- 
vision of  a  competent  engineer. 

As  a  rale  when  it  is  not  possible  to  make  numerous  tests  and  experi- 
ments, it  will  be  cheaper  to  use  those  materials  which  have  proven  satis- 
factory in  actual  use. 

Owing  to  the  press  of  state  work  it  was  not  possible  for  the  Massachu- 
setts commission  to  make  cementation  tests  of  the  specimens  submitted. 
The  tests  made,  confirm  the  results  of  practical  experience  and  show  that 
granite,  trap  and  sandstone  are  harder  and  offer  more  resistance  to  abra- 
sion than  the  limestones.  The  cementation  test,  when  made,  would  un- 
questionably show  the  highest  cementing  value  to  be  in  the  limestone, 
trap  and  granite  and  the  lowest  in  the  sandstone. 
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Limestone 

p,  c.  denotes  that  tiie  st^oe  i4  crashed  iu  a  pnblio  cruihsr  owned  or  hireil  by 
the  Iowa  or  village.  The  aiinilmi'  iii  the  cnlumti  beadud  Uil  is  the  coeffiojeiit  of 
ubrasiou  as  deteniuiieil  in  tlie  liiboratory  of  the  Massauhusetts  Highway  Cum. 
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Producers  of  Road-metal,  Etc.,  concluded. 
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Bluestone 

Blaestone  is  a  variety  of  sandstone,  vhich,  by  reason  of  its  even  tex- 
ture can  be  cut  or  sawed  into  any  desired  form  and  is  therefore  peculiarly 
available  for  house  trimmings  of  various  kinds.  In  general,  the  layers  in 
the  quanies  vary  from  an  inch  to  several  feet  in  thickness;  the  thinner  of 
these  are  used  for  flag  stones  and  the  thicker  are  cut  into  dimension 
stone  for  building  purposes. 

The  bluestone  industry  is  chiefly  located  in  Ulster  county  and  thequarries 
are  almost  innumerable  but  the  business  is  controlled  by  a  few  large  dealers 
who  are  located  at  points  favorably  situated  for  shipment  and  who,  to  a 
considerable  extent,  buy  stone  from  the  men  who  quarry  it.  Bluestone 
is  also  produced  in  the  counties  of  Albany,  Greene,  Sullivan,  Delaware 
and  Chenango  in  Eastern  New  York  and  in  Cattaraugus  and  Wyoming 
counties  in  Western  New  York. 

The  geological  horizon  of  the  commercial  bluestone  is  very  near  the 
dividing  line  between  the  Hamilton  and  Portage  groups.  It  is,  however, 
not  usually  possible  to  determine  in  which  of  these  groups  a  given  quarry 
belongs  owing  to  the  great  scarcity  of  fossils. 

'Pboduckrs  or  BLtTESTONx 


posTomcx 


Mbuiy  eountjr 

Beidavilla i  Otto  Beonet* I  Ben* 

South  Berne |  Baile;,  DAvid* |  WeBt«Tl« 

CattwauKvs  county 

Olaan |  Olaan  Blaeitone  Co |  OIbm 

Cbenango  county 


Firt's  Eddy.. 
Halet  Eddy  .. 

Hamden 

Hancock 


KockRift 

Stockport  Station.. 
Walton 


Delaware  county 

.    Harliu,  Oeg 

,    Kingsbury,  0.  M.  A,  Co.'.. 

,    KeDoy,  James* 

,    CnttetBroi.' 

Kirkpatriok  Bros 

Kenny  Bros 

P*b1i,  Cyrna' 

.    Corry,  John 

Memit,  Gbo,  W.* 

BUlb.  J.  J 

.    HoDtincton,  E 

Mone,J  &  Co 

Gray  A  Marvint 

.    St  John,  H.  E.* 

,    Wunet,  a.  T.* 


I  Hancock 

I  Tumpkin* 

Hamden 

Hancock 


Tompkin* 
Hancock 
Walton 
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PkleDville 

Callieoon 

Callicoon  Depot. 

H&nkina 

lioug  Eddy 

NuTowHbuig...  . 

AlIalMD 

Brodheftd 

Ql«Dford 

LamoDtville   - ■■ . 

Haldeu 

Uarblitown 

Olive '.'."'. 

Olive  Bridge 

Phcenioift 

PlBttekai 

QnaiTjTille 

Rondont  

Sftwkill 

Stoue  Riilfie 

Stony  Hollow  ... 

Weat  Hurley  . . . . 
Weit  SnnKerlUi. 

West  Sbokau 

Wilbur 

Woodstock   

Portageiitle 


Oreene  connty 


SnlUvan  county 

Penbftcker  Bro'a  &  Co.*. . 

Dering,  John 

Manny,  Anthony* 

Dnon  tt  Co 

Engelman,  Qeo.  W 

Gregg  &,  Miller . . . 


Ljot 

Button.  H 

Krom,  Wnj 

Ostrander,  Samnel 

Roger  &  Tajipau,  dealers  only. 

Dunn,  Patrick 

Roae,  Andrew 

Ulster  Blneatone  Co.* 

Clearwniec,  Jacob.. 

DeGmff,  Wi.i 

Bogart,  E.  H.t 

Gemmell,  James  B 

Simpson,  A.J..... 

LonKendyke  &  Co 

Sbeffeli.P.ft  Co 

CarnwiiKbt,  Alphonao 

Fitzpatrick,  Daniel 

Boiee.  Hewitt,  dealer  only 

Peppard,  Michiiel*  

WhIbIi,  Wm.  A.  Sons* 

Turner,  C.  C 

UHisidy,  On<!n 

Mnrtliu,  Michael  -. 


Conn 


I,  Tl...ti 


Cam,  J.  &  ij 

Boice.  Lemuel 

OHterhoDdt,  Jnlina* . 
Lasher,  D.* 


Calliooon 

B.  B. 

Fremont 

B.  a. 

Tnston 
Boeklond 

OlWe 

Hurley 

Horbletown 

aSr-n 

B.  8 

01l« 

F, 

Phasnicik 
PUttekilt 

'■ 

Wyoming  county 


if  ftU  pertou  enKsgMl  in  qusiryiog 


IB  BuUeUn  No.  !».   Ne* 
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The  toregoing  directory  of  quarries  and  quan7mea,  while  probably 
not  complete  is  very  nearly  so.  As  already  indicated  in  the  chapter  on 
road  materials,  only  a  part  of  the  quan'ies  yield  stone  which  is  entirely 
satisfactory  for  road  building.  The  reports  of  the  Massachusetts  High- 
way Commission,  however,  show  that  where  the  best  material  is  not 
obcainable,  other  material  cnn  be  put  to  a  very  good  use,  and  a  sand- 
stone may  make  a  very  satisfactory  foundation,  when  covered  with  trap 
or  even  with  limestone,  if  nothing  more  desirable  is  available.  Roads 
built  in  this  way  probably  require  more  engineering  skill  in  their  con- 
struction and  more  careful  watching  in  maintenance  and  repair.  The 
local  problems  must  be  worked  out  in  the  future  by  actual  experiment 
under  the  supervision  of  competent  road  engineers. 
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INTRODUCTION 

The  preliminary  paper  on  our  aboriginal  articles  of  stone  com- 
prised those  which  were  simply  chipped,  and  these  are  much  more 
abundant  and  widespread  than  those  treated  ol  in  this  bulletin.  The 
latter,  however,  show  almost  incredible  patience  and  skill  in  their 
higher  forms,  as  well  as  taste  in  selecting  materials.  They  also  give 
hints  of  superstitions  and  ceremonies  not  yet  thoroughly  understood, 
and  therefore  not  now  discussed.  As  before,  this  paper  has  been 
prepared  and  illustrated  by  the  Rev.  W.  M.  Beauchamp,  S.  T.  D., 
the  figtires  being  from  his  large  collection  of  original  drawings, 
made  in  nearly  all  parts  of  New  York,  but  mostly  from  the  central 
portion.  It  is  probable  that  the  southwestern  counties  might  add 
a  few  forms,  as  that  region  included  a  portion  of  the  mound  build- 
ers' country,  and  was  a  border  land.  A  few  illustrations  might 
have  been  added  from  other  writers,  but  neither  these  figures  nor 
the  descriptions  were  deemed  accurate  enough  for  the  present  pur- 
pose. Those  given  have  been  carefully  prepared,  and  every  detail 
has  been  represented  wherever  opportunity  was  afforded. 
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POLISHED  STONE  IMPLEMENTS  OF  THE  STATE  OF 
NEW  YORK 

In  considering  polished  stone  articles  as  a  class,  it  is  necessary  to 
divide  some  departments,  as  pipes,  ornaments,  and  vessels  of  various 
kinds,  much  aUke  in  form  and  use,  but  not  in  material.  The  modes 
of  manufacturing  these,  however,  are  sometimes  so  diflferent  that 
no  farther  excuse  need  be  made.  Clay  and  stone  specially  mark 
eras  in  human  progress. 

Under  this  head  will  also  be  included  picked  implements,  for 
picking  was  commonly  part  of  the  process  of  forming  polished 
articles,  which  are  found  in  all  stages  of  develc^ment.  The  picked 
implement  was  rarely  finished.  Sometimes  grinding  was  the  first 
act  of  all,  but  not  in  general.  A  few  stones,  naturally  formed  for 
use,  might  receive  an  edge  at  once.  More  commonly  they  were 
chipped,  picked  and  polished  as  time  or  needs  permitted.  This  is 
most  frequently  seen  in  the  case  of  celts  and  gouges,  where  the 
same  site  may  yield  every  gradation,  from  the  rudest  to  the  finest, 
and  sometimes  unite  every  process  in  one  implement. 

The  number  of  unfinished  articles  of  a  high  grade  is  quite  sug- 
gestive, many  of  these  being  found  on  small  camps,  not  indicative 
of  long  continued  residence.  Among  others,  tubes,  banner  stones 
and  pipes  were  thus  carried  about,  to  be  completed  in  the  leisure 
moments  of  camp  life.  Many  of  the  finer  finished  articles  were 
also  carried  on  journeys,  indicating  some  possible  use  away  from 
home,  more  superstitious  or  common  place  than  ceremonial.  Some 
features  of  this  distribution  will  appear  in  considering  these.  The 
locality  in  which  others  were  found  will  point  out  modes  of  travel, 
and  perhaps  indicate  whence  the  travelers  came. 

Some  of  the  best  results  of  New  YtM-k  work,  however,  will  be  in 
determining  the  age  of  many  articles  hitherto  undated,  and  in  some- 
times assigning  them  to  their  true  makers.  Much  progress  has 
already  been  made  in  this  comparative  study,  and  a  thorough  ex- 
ploration of  a  few  well  known  sites  would  give  valuable  results. 
Several  kinds  of  stone  pipes  were  made  only  within  the  historic 
period,  and  the  red  pipe  stone  of  the  West  first  appeared  in  New 
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York  but  little  over  200  years  ago.  Articles  of  shell  have  also  been 
sadly  misunderstood. 

As  to  material,  there  are  also  valuable  suggestions  in  some  of 
these  articles  of  polished  stone.  The  aborigines  had  taste  in  selec- 
tion when  they  required  ornaments,  and  the  Huronian  or  striped 
slate  frequently  appears,  a  few  celts  even  being  made  of  this.  This 
indicates  commerce,  for  it  came  from  places  farther  north  and  west. 
Travel  and  traffic  existed  then  as  now.  Gorgets  are  usually  of  fine 
stone,  and  are  rarely  unfinished.  As  a  rule,  they  were  brought  here 
in  perfection.  For  celts,  however,  any  pebble  might  answer,  and 
many  are  of  ordinary  field  stones,  always  accessible  to  the  common 
people.  The  abundance  of  basalt  celts,  even  on  recent  sites  shows 
a  choice  in  material,  and  some  of  the  green  stones  are  beautiful 
indeed.  Pestles  are  often  well  worked,  but  yet  oftener  are  slightly 
adapted  pebbles.  Some  are  of  great  size.  Hammer  stones  sur- 
vived almost  every  thing  else,  but  stone  balls,  used  in  war  clubs  by 
their  fathers,  are  preserved  by  New  York  Indians  yet.  Such 
features  will  be  more  fully  seen  as  we  proceed. 

When  the  white  man  came  to  New  York,  the  Mahikans  and  other 
kindred  nations  occupied  the  Hudson  River  and  the  seacoast.  West 
of  these  was  the  territory  of  the  Iroquois,  Andastes  and  Eries,  also 
of  one  family.  At  that  period  the  Iroquois  at  least  used  but  little 
stone,  nor  are  the  finer  early  articles  found  on  their  earlier 
sites.  As  a  rule,  their  pipes  were  of  clay,  ingeniously  ornamented, 
and  whether  they  had  ever  used  or  made  others  may  be  a  question. 
Obtaining  suitable  tools  from  the  white  man,  they  afterwards  made 
pipes  of  stone,  in  a  sense  going  back  to  the  stone  age.  The  deli- 
cate drilling  of  the  pipe  stone,  so  often  seen,  was  unattainable  with 
aboriginal  tools,  and  this  is  true  of  the  small  shell  beads.  Pipes  and 
ornaments  were  articles  of  common  use,  however,  and  some  nations 
were  celebrated  for  their  work  of  this  kind,  but  we  need  never  forget 
that  most  of  their  finery  came  from  frailer  materials.  Within  the 
historic  period  it  is  probable  that  many  of  the  New  York  stone 
pipes  were  made  by  the  Cherokees,  as  in  earlier  colonial  times  they 
were  made  in  New  England.  Many  stone  implements,  common 
elsewhere,  are  notably  absent  here,  showing  that  some  large  nations 
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never  penetrated  this  State.  This  is  the  case  with  the  grooved  axes 
and  chungke  stoned.  On  the  other  hand  the  makers  of  some  slate 
knives,  amulets,  and  other  articles  here,  never  penetrated  the  South. 
So  to  speak,  there  was  an  aboriginal  Mason  and  Dixon's  line. 

That  many  articles  required  a  long  time  to  finish,  seems  plain, 
and  yet  this  time  may  have  been  overestimated,  as  in  the  early  ideas 
of  arrow  making  and  other  primitive  arts.  A  dexterous  workman 
went  on  confidently,  and  his  simple  tools  were  sometimes  far  more 
efficient  than  we  think.  Skill  was  mwe  than  instruments.  Some- 
times the  stone  was  wrought  while  fresh  and  soft,  hardening  after- 
wards by  exposure  and  use,  as  in  the  case  of  the  Cherokee  pipes; 
but  a  good  flint  or  gritty  stone  cut  many  materials  with  great 
rapidity  and  ease.  The  fine  finish  may  have  been  much  slower 
work,  reserved  for  a  master  hand.  Drilling  was  done  in  various 
ways  and  most  gorgets  seem  to  have  been  perforated  with  flint. 
Banner  stones  were  sometimes  partially  drilled  with  this,  as  appears 
in  some  unfinished  pieces.  Sometimes  a  tubular  drill  was  used, 
as  we  find  in  the  same  way;  sometimes  a  gouging  process  was  em- 
ployed. Precisely  how  the  picking  was  done  may  be  less  plain, 
but  elTective  hard  and  sharp  stones  are  not  rare.  Usually  it  is  very 
neat  and  uniform  even  where  the  material  is  hard.  As  polishing 
was  the  last  process  it  began  with  the  most  essential  parts  of  the 
implements  as  the  cutting  edge,  where  it  often  preceded  the  picking. 

That  many  early  implements  of  polished  stone  were  not  used  by 
the  later  Indians,  and  indeed  were  unknown  to  them,  is  now  well 
understood.  This,  like  the  same  fact  in  chipped  stone,  points  to 
a  great  and  probably  sudden  change.  They  were  not  perpetuated 
by  descent,  nor  acquired  by  conquest,  but  were  simply  lost  arts, 
because  there  were  intervals  between  the  early  and  later  comers. 
The  stone  gorget,  banner  stone,  amulet,  tube,  boat  stone,  slate 
knife,  grooved  axe  and  gouge,  had  no  place  at  all  among  the  Iro- 
quois, historic  or  prehistoric,  yet  all  these  occur  more  or  less  in 
their  ancient  territory.  These,  too,  were  among  the  finest  of  Ameri- 
can articles  of  polished  stone,  and  yet  were  utterly  unknown  to 
them,  as  far  as  appears.  Thus,  whoever  was  here  before  their  com- 
ing had  little  in  common  with  them,  except  in  the  very  simplest 
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things.  This  difference  is  so  great  of  itself  as  almost  to  prove  them 
a  different  race,  and  this  appears  in  other  ways.  In  a  broad  way 
the  Algonquin  family  might  be  included  in  this  view. 

Occasionally  location  has  importance  in  considering  probable  use. 
Two  grooved  boulders  in  position  may  materially  affect  our  opinion 
of  their  use  and  origin.  The  abundance  of  stone  plummets  in  cer- 
tain places  indicates  a  local  and  special  purpose.  Two  forms  of 
polished  slate  knives  may  have  great  ethnological  importance,  and 
the  almost  utter  absence  of  other  things  points  out  early  differences 
otherwise  unknown.  More  light  still  may  result  from  farther  re- 
search and  clearer  judgment,  specially  as  comparative  study  goes  on. 

There  is  now  little  reason  to  doubt  that  the  use  of  polished  stone 
in  America  is  nearly  or  quite  as  old  as  that  of  chipped  articles,  speci- 
mens of  the  former  occurring  geologically  as  early  as  the  latter,  iC 
the  tales  of  scientists  are  true.  Indeed  the  idea  of  sharpenii^  by 
rubbing  or  grinding  would  be  quite  as  primitive  and  natural  as  any 
other,  and  it  would  soon  be  a  question  of  the  best  use  of  material. 
Stones  with  a  good  cleavage  would  be  chipped ;  those  of  a  different 
character,  ground.  Bone  or  horn  are  often  so  well  adapted  for  use 
naturally  or  by  accident,  that  the  slight  grinding  required  would  be 
at  once  suggested.  Divesting  ourselves  of  all  prejudice,  it  would 
seem  that  the  two  arts  would  go  hand  in  hand,  as  was  certainly  the 
case  in  New  York.  In  this  State  the  older  polished  stone  articles 
are  not  only  the  finest,  but  are  often  far  older  than  those  of  flint. 

There  was  a  period  of  decadence  in  polished  stone  work  in  New 
York  before  the  coming  of  the  white  man.  Shell,  bone  and  horn 
had  taken  the  place  of  some  things,  and  clay  of  others.  The  stone 
pipe  had  largely  disappeared  and  the  polisHed  stone  axe  or  celt  was 
almost  the  only  fine  article  surviving  in  pristine  beauty.  These 
were  soon  to  pass  away,  but  steel  tools  occasioned  a  revival  of  orna- 
mental stone  work.  Pipes  of  this  material  were  made  again;  pipe- 
stone  came  east  through  the  wars  of  the  Iroquois,  and  was  deli- 
cately wrought  and  drilled  in  great  quantities,  often  by  the  white 
man's  taste  and  skill;  always  with  his  tools.  Smalt  shell  beads  were 
made  and  distributed  in  prodigious  numbers  through  the  same 
means,  but  the  flint  arrow  and  stone  axe  utterly  disappeared.     The 


.dbyGoogle 


POLISHED  STONE  ARTICLES  USED  BV  THE  NEW  VOBK  ABORIGINES        II 

return  to  the  stone  age,  such  as  it  was,  came  through  the  white  man 
and  not  through  the  red. 

It  often  happens  that  a  number  of  stone  articles  can  be  assigned 
to  one  maker,  as  certainly  as  we  can  tell  who  made  an  old  violin, 
although  we  know  not  his  name.  Things  hundreds  of  miles  apart 
will  be  found  of  some  peculiar  material  and  form,  which  can  hardly 
be  accidental.  They  will  not  be  many  in  number,  but  they  will 
have  individual  character.  We  recall  many  such.  The  skilful  ab- 
original artificer  was  as  highly  honored  as  any  among  civilized  men, 
and  his  work  had  a  wide  reputation.  In  other  lands  early  records 
show  this  in  words  which  we  can  read.  Here  the  reccwd  exists  only 
in  stone. 

Usually  articles  which  required  much  drilling  of  any  kind,  were 
blocked  out  before  this  was  done.  Thus  all  percussion  was  avoided 
after  the  perforation  was  complete,  while  sufficient  material  was  left 
to  allow  for  any  deviation  from  right  lines  in  drilling.  Grinding  and 
polishing  then  safely  proceeded.  Polishing  and  perforation  some- 
times went  on  together  with  disastrous  results,  a  break  in  the  surface 
spoiling  the  pipe  or  banner  stone.  The  extent  to  which  this  drill- 
ing was  carried  is  often  surprising  and  the  same  may  be  said  of  its 
accuracy,  specially  when,  as  in  many  tubes  and  banner  stones,  it  was 
made  from  both  ends,  meeting  in  the  center.  In  its  way  it  was  as 
great  a  feat  as  some  modern  tunneling.  Rarely  does  it  deviate 
from  a  straight  line. 

OBLT8 

The  grooved  axe,  as  will  hereafter  appear,  is  rare  in  most  of  New 
York,  and  its  place  is  supplied  by  some  of  the  many  forms  of  celts, 
often  known  as  deer  skinners.  These  are  occasionally  roughened 
toward  the  upper  part  of  the  lateral  edges,  to  give  a  better  grip 
.  to  the  handle.  These  axes  were  in  use  when  Champlain  encoun- 
tered the  Mohawks  on  Lake  Champlain  in  1609,  although  some  had 
already  obtained  iron  axes  from  the  traders,  who  had  frequented 
the  lower  St.  Lawrence  for  more  than  70  years.  He  was  surprised 
that  they  could  do  so  much  with  such  poor  tools,  and  these  must 
have  been  far  more  effective  than  most  antiquarians  have  thought, 
for  in  this  instance  fire  was  not  used.     He  said  they  '  began  to  hew 
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down  trees  with  villainous  axes,  which  they  sometimes  got  in  war, 
and  others  of  stone,  and  fortified  themselves  very  securely.' 

Usually,  according  to  David  Cusick,  fire  was  applied  to  trees, 
and  when  these  were  felled,  fresh  fires  were  kindled  where  these 
were  to  be  cut  off  in  lengths.  The  fire  was  the  active  agent;  the 
celt  or  stone  axe  was  employed  in  scraping  away  the  charred  wood. 
Each  woman  had  several  fires  to  attend,  and  the  work  was  done 
quite  rapidly.  At  Onondaga  now,  the  Indians  use  the  same  means 
in  hollowing  out  the  large  wooden  mortars  still  used  bythem.  Burn- 
ing and  chipping  go  on  alternately,  a  process  familiar  to  our  own 
early  settlers. 

The  mode  of  handling  is  of  interest,  but  was  not  always  the  same, 
and  many  ways  have  been  described.  Fig.  i  presents  one  remarkable 
and  antique  example.  It  is  a  celt  of  the  common  rounded  form  found 
in  the  peat  and  muck  at  Chittenango  Creek  long  ago,  seven  feet 
under  ground.  It  is  the  only  ancient  handle  locally  preserved,  and 
has  suffered  much  from  age  yet  it  is  still  fifteen  and  one  half  inches 
long  by  two  and  one  quarter  broad.  It  tapers  from  the  axe  to  the 
end  of  the  handle.  The  orifice  in  this  is  shown  at  b,  and  has  evi- 
dently been  finished,  at  least,  by  heat.  In  this  the  fine  greenstone 
celt,  elliptical  in  section,  exactly  fits.  This  is  five  and'three  eighths 
inches  long  and  two  wide,  the  form  being  quite  common.  It  was 
dug  up  in  excavating  for  the  canal  feeder. 

Fig.  2  is  an  angular  form  of  brown  sandstone,  found  in  the  town 
of  Cicero,  four  and  five  eighths  inches  long  by  two  and  one  eighth 
wide.  This  form  seems  more  frequent  in  New  York  than  else- 
where, and  is  from  four  to  six  sided  in  its  varieties,  the  angles 
never  being  rounded.  One  of  the  surfaces  is  always  broad  and 
flat,  and  two  of  them  meet  the  others  at  a  broad  angle.  They  are 
somewhat  common  at  Onondaga  and  Oneida  lakes. 

Fig.  4  is  of  an  unusual  form  and  material,  being  a  very  broad  and 
flat  celt  of  green  striped  slate,  three  and  three  quarters  by  three  and 
one  eighth  inches.  The  outhne  is  much  like  that  of  a  modern  axe, 
and  it  is  much  twisted  in  section.  This  was  found,  with  a  similar 
one,  at  Jack's  Rifts,  on  the  Seneca  River. 

Fig.  6  is  a  chisel  of  brown  sandstone,  almost  cylindric,  but  with 
several  flattened  sides.     These  sides  are  nearly  parallel.     It  is  five 


.dbyGoogle 


POLISHED  STONE  ARTICLES  USED  BY  THE  NEW  YORK  ABORIGINES       13 

and  five  eighths  inches  long  and  one  and  one  eighth  inches  wide, 
with  neatly  rounded  ends.  It  is  a  rare  form,  and  was  found  at  Bald- 
winsville.  ' 

Fig.  7  is  also  a  somewhat  rare,  but  widely  distributed  form.  It 
is  flat  or  nearly  so  on  one  side,  and  more  convex  on  the  other. 
They  usually  have  a  broad  cutting  edge  at  one  end,  and  are  rounded 
at  the  other.  This  one  comes  to  a  sharp  point,  and  is  rounded  and 
sharp  at  the  broad  end.  It  is  of  grey  sandstone,  three  and  one 
eighth  by  nine  sixteenths  inches  and  comes  from  Wood  Creek,  east 
of  Oneida  Lake. 

Fig.  8.  is  of  the  normal  form  of  this  type,  and  is  of  brown  sand- 
stone, four  by  thr«e  quarters  inches.  It  is  sharp  at  both  ends,  the 
more  pointed  one  being  rounded,  and  comes  from  Baldwinsville, 
where  they  are  somewhat  frequent. 

Fig.  9  is  of  green  striped  slate,  and  approaches  the  boat  form. 
The  ends  are  rounded  and  sharp.  It  is  four  and  one  eighth  inches 
by  three  fourths  deep,  and  comes  from  Chittenango  Creek.  There 
are  many  of  this  form,  but  their  use  is  not  clear. 

Fig.  10  is  another  of  the  angular  celts,  and  a  still  rarer  form.  It 
is  of  brownish  drab  sandstone,  eight  inches  long  by  two  and  one 
eighth  wide,  and  of  a  tapering  form.  There  is  a  raised  medial  line 
on  each  broad  surface,  which,  for  half  the  length,  has  been  g[radu- 
ally  ground  down  to  the  broad  cutting  edge.  The  small  end  is 
brought  to  a  neat  point.  Angles  like  these  are  hardly  rare  and  yet 
are  seldom  so  pronounced.  This  comes  from  the  village  of  Bald- 
winsville. 

Fig.  II  is  a  small  black  basalt  chisel,  angular  and  sharp,  two 
and  one  eighth  inches  by  one  fourth  broad.  It  is  a  very  neat  speci- 
men of  these  small  implements,  and  comes  from  Seneca  River.  Fig. 
12  is  another  of  these  small  celts  from  the  same  place,  but  thicker 
and  more  ridged  on  one  side.  It  is  of  greenstone,  two  and  one 
quarter  inches  long  by  three  eighths  wide.     These  are  not  rare. 

Fig.  13  is  a  larger  form  of  black  basalt,  triangular  in  outline,  and 
with  angular  edges.  It  is  three  by  one  inches,  and  was  found  near 
Syracuse. 

Fig.  14  is  a  handsome  black  and  angular  celt,  with  convex  edges 
and  somewhat  rare  form,  three  and  seven  eighths  by  one  and  seven 
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eighths  inches  wide,  polished  and  from  the  Oneida  River.  Fig.  15 
is  also  not  a  common  form.  It  is  nearly  triangular  and  of  light 
olive  green  slate,  two  and  three  fourths  by  one  and  one  half  inches. 
It  is  both  thick  and  sharp,  and  has  a  very  convex  edge  and  comes 
from  Seneca  River. 

Fig.  16  is  much  like  one  before  described,  and  was  found  with 
it.  It  is  of  dark  green  striped  slate,  four  and  one  half  by  two  and 
one  half  inches,  and  is  longer,  narrower,  and  less  twisted  than  the 
other.  They  are  of  moderate  thickness,  and  no  others  have  been 
repealed  at  all  resembling  them. 

Fig.  17  is  a  curious  quartzite  celt  from  the  Mohawk  River,  being 
highly  ornamented  with  lines  and  circular  indentations,  and  having 
both  sides  thus  carved.  It  is  two  and  one  quarter  by  one  and  one 
half  inches.  Celts  are  often  thus  ornamented,  though  not  so  pro- 
fusely as  this.  I 

Fig.  18  is  small,  thin  and  symmetrical,  with  a  cutting  edge  at  each 
end.  This  feature  is  hardly  rare,  and  appears  in  much  larger  speci- 
mens. This  implement  is  but  one  and  three  fourths  inches  long 
by  one  half  wide,  the  flat  sides  neatly  curving  to  the  sharp  ends. 

Fig.  i8a  is  another  very  broad  black  celt  oE  small  size,  one  and 
three  quarters  by  three  quarters  inches.  Both  are  from  Seneca 
River. 

Fig,  19  is  of  grey  sandstone  with  indented  edges,  and  rather  flat. 
It  is  five  and  one  half  inches  long  by  two  and  one  quarter  broad, 
and  was  found  at  Onondaga  Lake. 

Fig.  20  is  a  beautiful  and  remarkable  celt  of  green  striped  slate, 
from  Onondaga  Lake.  It  is  quite  broad,  being  two  and  one  fourth 
by  one  and  one  half  inches,  and  is  remarkable  for  a  depression 
across  the  surface  half  an  inch  from  the  edge,  which  has  a  flat 
grinding  below  this.  It  seems  unique.  Fig.  21  is  grooved  in  a 
very  different  way,  having  three  grooves  across  the  back.  It  is 
thick  and  flat,  of  light  olive  green  slate,  and  is  five  and  one  eighth 
by  two  and  three  eighths  inches.  It  was  found  b)'  the  Oneida  River, 
at  Caughdenoy. 

Fig.  22  is  peculiar  in  many  ways,  having  grooved  lines  lengthwise 
and  across.     It  is  four  and  one  eighth  by  one  inch,  and  comes 
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from  the  Thousand  Islands.  Fig.  23  is  from  the  St.  Lawrence 
River,  and  is  one  of  the  long  and  slender  celts,  widest  in  the  center, 
flat  on  one  side  and  curved  on  the  other.  The  ends  are  rounded. 
It  is  of  striped  slate,  six  and  seven  eighths  inches  long,  seven  eighths 
wide  and  five  eighths  deep.  Fig.  24  somewhat  resembles  this,  but 
is  more  distinctly  a  double  edged  celt,  being  quite  sharp  at  each 
end.  One  side  is  slightly  but  not  conspicuously  flattened,  and  a 
groove  extends  nearly  around  it.  The  other  side  is  more  rounded. 
It  is  of  polished  brown  stone,  three  and  three  eighths  inches  long 
by  one  inch  wide,  and  comes  from  Fleming,  Cayuga  County.  Fig. 
25  is  of  the  same  class,  small  and  narrow,  with  curving  sides.  One 
surface  is  flat,  the  other  raised,  and  while  it  is  sharp  only  at  one 
end,  the  other  comes  nearly  to  an  edge.  The  form  is  wide  spread 
but  not  common,  and  some  specimens  approach  the  boat  stones  in 
general  outlines.  They  are  usually  of  slate  or  fine  sandstone.  This 
one  is  from  the  Oneida  River,  and  is  two  and  three  eighths  by  five 
eighths  inches  wide< 

Fig,  26  is  reduced  in  size  with  the  nine  which  follow  it.  It  is  of  a 
rare  and  peculiar  celt,  several  of  which  have  been  found.  They  are 
very  slender,  usually  nearly  cylindric,  and  more  or  less  pointed  at 
each  end.  Sometimes  the  material  seems  too  frai!  for  use,  7^1** 
is  one  of  thelarger  specimens,  and  iij  inches  long.  The  diameter 
is  one  by  one  and  one  fourth  inches.  It  is  angular  and  four  sided, 
but  the  angles  are  rounded,  and  the  points  likewise.  It  tapers  to 
each  end,  and  shows  no  signs  of  use.  The  material  is  a  polished 
dark  gritty  slate,  from  Seneca  River. 

Fig.  27  is  another  of  the  same  general  form,  nine  inches  long  by 
fifteen  sixteenths  thick.  It  is  of  a  dark  brownish  steel  grey,  and  is 
pointed  at  both  ends.  It  was  found  near  the  Willard  Asylum  on 
Seneca  Lake,  This  is  of  about  the  average  length,  but  some  are 
longer,  and  others  more  slender, 

Fig.  28  seems  an  adze,  and  will  be  described  under  that  head. 

Fig.  29  is  an  unusual  form  of  celt,  contracting  toward  the  point. 
It  is  made  of  green  variegated  slate,  three  and  one  half  inches  by  one 
and  one  eighth  wide,  and  is  narrow  and  rounded  at  the  cutting  edge. 
It  comes  from  Seneca  River. 
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Fig.  30  might  be  classed  3s  an  adze.  One  surface  is  nearly  a 
plane,  and  the  other  curves  to  each  sharp  end.  It  is  of  sandstone, 
nine  and  seven  eighths  inches  long  by  one  and  three  eighths  deep, 
the  width  slightly  exceeding  the  depth.  It  is  from  Brewerton,  and 
a  rare  form  for  the  size. 

Fig.  31  is  a  small  celt  of  variegated  grey  granite,  from  Van 
Buren.  It  is  one  and  five  eighths  inches  long  by  one  and  one 
eighth  wide,  and  is  quite  flat  on  one  side.  Fig.  32  is  larger  and  less 
angular,  but  of  the  same  broad  form.  It  is  of  a  highly  polished 
dark  green  marble,  almost  black,  two  and  one  eighth  by  two  inches 
wide,  and  rather  thick.  The  edges  are  rounded,  and  it  comes  from 
Seneca  River.  Fig.  33  is  another  of  these  small  celts,  made  of 
black  basalt  and  moderately  broad.  It  is  one  and  one  half  inches 
long  by  thirteen  sixteenths  wide,  and  comes  from  an  early  stockade 
on  the  Seneca  River. 

Fig.  34  is  of  black  basalt,  and  is  from  a  recent  stockade  in  Pom- 
pey.  It  is  an  Onondaga  implement  used  about  A.  D.  1630,  and  in- 
teresting in  this  way.  It  is  thin,  flat  and  angular,  five  and  three 
eighths  inches  by  two  wide,  and  the  edge  is  abruptly  ground.  It 
was  found  in  1878. 

Fiff-  35  's  another  of  the  small  broad  celts,  from  a  place  on  the 
Seneca  River  whene  many  of  this  form  have  been  found.  It  is  of 
basalt,  one  and  three  fourths  inches  by  one  and  five  eighths  wide, 
the  extreme  width  almost  equaling  the  length. 

Descriptions  are  added  of  a  few  celts  not  figured  here,  but  all  of 
which  are  described  and  illustrated  elsewhere. 

A  fine  angular  and  rather  flat  celt  of  black  limestone  is  from 
Brewerton,  and  is  nine  inches  long  by  two  and  three  fourths  wide. 
It  has  a  fine  polish  and  sharp  angles,  the  latter  being  quite  common 
with  this  form.  Another,  from  the  same  place,  is  of  black  basalt, 
and  almost  triangular  in  section.  It  is  quite  large,  being  iif  inches 
by  two  and  three  fourths  wide.  A  fine  angular  celt  of  grey  sand- 
stone IS  also  from  Oneida  Lake,  and  has  a  narrow  back  and  sloping 
sides.  Many  of  this  peculiar  form  are  found  near  there.  This  is  "five 
inches  long  by  two  and  three  eighths  wide.  Another  of  this  fre- 
quent angular  form  is  of  basalt,  and  comes  from  the  Seneca  River. 
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It  is  three  and  three  fourths  inches  long  by  one  and  three  fourths 
wide.  ! 

A  fine  celt  of  light  olive  greenstone  is  from  Skaneateles,  and  is 
seven  inches  long  by  one  and  five  eighths  wade,  being  narrow  for 
its  length.  A  long  triangular  celt  from  the  Seneca  River  may  have 
been  an  adze,  and  is  much  ridged  on  one  side.  It  is  eight  and  five 
eighths  inches  long  by  two  and  three  fourths  at  the  widest  part. 

One  interesting  example  is  of  a  celt  of  brown  sandstone,  the  edge 
of  which  has  been  broken.  At  some  distance  from  this  the  imple- 
ment has  been  nearly  half  cut  off,  in  order  to  form  a  new  edge.  The 
original  length  was  five  and  five  eighths  by  two  and  five  eighths 
inches  wide.     It  is  from  a  much  frequented  site  at  Onondaga  Lake. 

Very  many  fine  celts  are  of  a  mottled  greenstone,  and  usually  not 
angular,  being  of  the  general  form  of  the  first  figure  given.  Two 
beautiful  examples  of  these  from  the  Seneca  River  are  each  five 
inches  long  by  two  and  one  quarter  broad.  This  is  a  frequent  form 
and  size.  One  of  dark  greenstone,  thin  and  flat,  from  Onondaga 
Lake,  is  perforated  at  one  end,  and  like  implements  occur  elsewhere. 
This  article  is  four  by  one  and  one  half  inches,  and  all  the  edges 
are  convex.  Several  double  edged  celts  are  from  two  and  one  half 
to  four  and  one  half  inches  long.^ 

A  grey  quartzite  celt,  from  Three  River  Pojnt,  has  a  slight 
roughened  groove  entirely  around  it,  which  is  picked  as  well  as  the 
battered  end.  The  size  is  eight  by  three  inches.  Of  course  this 
occasional  groove  or  roughening  was  not  needed  in  small  celts. 
A  curious  one  from  the  Oswego  River  has  notches  on  the  lateral 
edges  like  those  of  sinew  stones,  and  reaching  nearly  the  whole 
length.  A  perforation  had  also  been  commenced.  The  implement 
is  four  and  five  eighths  by  one  and  five  eighths  inches  wide. 
Another  from  the  same  place  is  remarkable  for  having  the  date  of 
1700  upon  it,  as  much  weathered  as  any  part.  The  edge  is  broken, 
and  it  tapers  quite  to  the  upper  end.  It  is  of  ferruginous  sandstone, 
five  inches  by  two  and  one  half  wide.  Another  from  the  Seneca 
River  has  also  transverse  grooves  on  the  edge.  This  feature  is 
hardly  rare.  It  is  of  a  light  grey  and  quite  hard  stone,  three  and 
seven  eighths  inches  by  two  wide. 
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About  half  remains  of  a  large  celt  found  on  the  Seneca  Kiver, 
and  made  of  polished  greenstone.  The  fragment  is  now  seven  and 
one  fourth  inches  long  by  three  and  five  eighths  broad,  and  is  two 
inches  thick.  There  are  few  New  York  celts  as  massive  as  this. 
One  of  the  four  sided  angular  celts  from  Oneida  Lake  is  of  light 
drab  sandstone,  and  has  the  lower  surface  or  back  about  half  the 
width  of  the  upper,  which  is  a  frequent  proportion  in  these.  It  is 
nine  and  three  eighths  inches  by  two  and  seven  eighths  on  this 
broad  surface,  and  is  correspondingly  thick.  Another  from  Brewer- 
ton  has  all  the  angles  rectangular  in  section,  and  is  about  half  as 
thick  as  wide.  It  is  eight  and  one  half  inches  by  two  and  five 
eighths  broad.  One  from  Van  Buren  made  of  polished  black 
basalt,  nine  and  five  eighths  by  two  inches,  has  the  upper  side  an- 
gular, and  the  lower  side  partly  angular,  partly  rounded.  Occasion- 
ally a  celt  is  very  broad,  as  is  one  of  mottled  greenstone  from  Onon- 
daga, which  is  three  and  five  eighths  inches  by  two  and  three 
eighths  broad.     The  general  outline  of  this  is  a  broad  ellipse. 

A  frequent  form,  but  of  polished  green  slate,  comes  from  Seneca 
Lake.  It  is  almost  pointed  at  the  top,  but  moderately  thin  and 
generally  rounded.  It  measures  five  and  three  fourths  inches  by 
two  and  one  eighth  wide,  A  larger  angular  one,  from  the  same 
place,  has  the  ends  rounded,  and  one  broad  surface  as  usual.  The 
sides  are  sloping  and  the  back  narrow.  It  is  of  grey  slate,  ten 
inches  long  by  two  and  one  half  wide.  An  angular  six  sided  celt 
from  the  Seneca  River,  is  of  a  hard  grey  stone,  five  and  one  fourth 
inches  long  by  two  and  one  half  broad.  A  broad  celt  of  greenstone 
from  Cayuga  County,  straight  on  one  side  and  curved  on  the  other, 
may  be  an  adze.  It  has  a  central  perforation,  much  enlarged  on 
both  sides.  It  is  five  and  one  half  inches  long  by  two  and  three 
eighths  wide,  and  is  one  and  one  eighth  thick.  It  is  a  rare 
form  in  every  way.  One  of  the  narrow  celts,  flattened  on  one  side 
and  raised  on  the  other,  and  suggestive  of  boat  stones,  comes  from 
Binghamton.  It  is  nearly  sharp  at  both  ends,  and  is  four  and  three 
eighths  inches  long. 

Several  of  the  long  cylindric  celts  have  been  found  in  various 
places,  and  among  them  is  one  of  black   slate  from  Schoharie 
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County.  It  is  slightly  angular,  having  s  distinct  edge  on  each  side. 
One  end  is  rounded,  with  a  very  narrow  cutting  edge  at  the  other. 
It  is  nine  inches  long,  with  s  maximum  thickness  of  one  inch. 
Another  of  brown  sandstone,  slightly  flattened,  is  from  Cayuga 
County.  It  is  eight  and  three  fourths  inches  by  one  and  one  fourth 
thick.  The  ends  are  rounded,  terminating  the  tapering  surface.  Still 
another  from  Elbridge  is  very  fine  and  slender,  being  now  1 1 J  long 
by  one  inch  broad.  It  is  of  sandstone,  and  apparently  about  an  inch 
has  been  newly  broken  from  one  end.  It  is  circular  in  section,  and 
tapers  as  usual,  but  seems  unfitted  for  any  use  as  an  implement. 
All  these  are  certainly  very  curious. 

A  large  celt  from  Plattsburg  has  two  knobs  on  the  back,  or 
rather  projections.  A  large  gouge  from  Oneida  County  has  similar 
features.  These  may  have  been  left  for  attaching  a  handle.  The 
celt  is  quite  angular  and  thick,  and  is  nine  inches  long  by  two  and 
one  quarter  wide.  This  feature  is  rare.  The  largest  perfect  celt 
brought  to  our  attention  is  from  Jefferson  County.  It  is  of  green- 
stone, and  is  I3i  inches  long  by  three  and  one  fourth  broad.  An- 
other large  chipped  one,  from  Plattsburg  is  ii  inches  long  by  four 
and  three  eighths  wide,  , 

A  fine  angular  celt  of  grey  stone,  from  Three  River  Point,  is  quite 
thin,  with  one  side  flat  and  an  expanding  edge.  It  is  four  and 
three  fourths  inches  long.  A  single  celt  of  white  marble  has  been 
found  on  the  Seneca  River.  It  is  somewhat  angular,  and  is  four 
and  one  half  inches  long  by  two  wide.  Only  one  soapstone  celt 
has  met  our  eyes,  and  this  came  from  the  same  river.  Although 
angular,  it  is  neatly  rounded  and  finely  polished,  with  an  expand- 
ing edge.  It  is  three  and  one  half  inches  by  one  and  one  half  broad. 
An  article  of  soft  red  iron  ore  has  the  celt  form  for  convenience 
merely,  the  grinding  and  cutting  showing  that  it  was  used  for  paint. 

One  form,  which  is  not  frequent,  is  of  a  cream  colored  stone,  very 
light  in  weight,  first  chipped  and  then  finely  polished.  They  occur 
mostly  on  the  Seneca  and  Oswego  Rivers.  One  from  the  former  is 
four  inches  by  two  and  one  fourth  broad,  but  they  are  usually 
narrower,  forming  a  long  ellipse.  Another,  a  little  differing  from 
these,  is  from  Oswego  Falls,  and  made  of  a  light  chalky  stone,  lo^ 
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inches  long  by  one  and  one  half  wide.  It  seems  scarcely  hard 
enough  for  much  use,  but  the  yellower  ones  are  of  a  finer  and  harder 
^ain,  although  so  light  in  weight. 

In  Mr.  A.  E.  Douglass'  collection,  out  of  721  celts  85  arc  from 
New  York,  and  about  half  of  the  smaller  forms  termed  chisels.  Dr. 
Abbott  figures  one  New  Jersey  celt  with  a  distinct  groove,  a  fre- 
quent feature  in  New  York,  where  all  forms  are  abundant,  some  bfc- 
ing  local  and  unique. 


Stone  gouges  are  mostly  found  in  the  Atlantic  States  and  are 
somewhat  local  there.  They  might  be  distinguished  as  the  long 
gouges,  tapering  and  evenly  grooved  from  end  to  end ;  long  gouges 
grooved  part  way:  and  broad  gouges,  distinguished  in  a  similar 
manner.  This  would  be  but  a  broad  classification.  Long  gouges 
have  been  found  in  Pennsylvania,  although  rare  there.  Dr.  Abbott 
figured  but  one  in  New  Jersey,  where  they  are  also  rare.  Two  like 
his  Fig.  140  have  be«n  found  at  Oneida  Lake.  In  Saratoga  County 
and  vicinity,  Mr.  Wagman  procured  29  gouges,  the  largest  nine 
and  one  half  by  two  and  one  half  inches,  and  none  of  them  were 
wider.  He  catalogued  also  adze  gouges,  probably  meaning  the 
broad  forms. 

Mr.  Douglass  has  85  gouges  and  adzes,  of  which  16  came  from 
New  York.  Those  in  Central  New  York  are  mostly  from  Seneca 
River,  Oneida,  Onondaga,  Skaneateles  and  Cross  Lakes.  They  are 
most  common  near  lakes  and  streams,  and  this  makes  it  probable 
they  were  used  in  making  canoes  out  of  trees  before  bark  was  em- 
ployed. They  were  unknown  to  the  Iroquois.  Out  of  75  before  us, 
more  than  one  third  are  the  long  gouges,  grooved  from  end  to  end, 
and  tapering  uniformly.     Some  are  superb  specimens. 

Fig.  36  is  a  gouge  of  a  beautiful  light  bluish  striped  slate,  of 
unusual  form  and  probably  the  finest  known  in  this  material.  It 
is  flat  above  and  moderately  rounded  beneath,  having  a  groove  ex- 
tending nearly  half  the  length.  The  thickness  is  quite  uniform 
throughout.  It  is  seven  and  three  eighths  inches  in  length  and 
two  and  one  eighth  wide,  and  was  found  near  the  Oneida  River. 
It  would  hardly  seem  that  it  could  have  been  employed  in  any  com- 
mon use. 


.dbyGoogle 


POLISHED  STONE  ARTICLES  USED  BY  THE  NEW  YORK  ABORIGINES      II 

Fig.  37  is  a  broad  and  flat  gouge  of  brown  haematite,  from  Van 
Buren.  The  broad  depression  is  carried  from  end  to  end.  Most 
of  those  of  this  form  are  of  the  same  material,  which  is  quite  smooth 
but  shows  abundant  pits  with  the  polish.  On  this  one  an  Indian 
and  arrows  have  been  ijiarked  with  a  fine  point,  doubtless  by  a 
much  later  hand.  It  is  three  and  three  fourths  by  two  and  one 
fourth  inches  wide,  a  common  size. 

Fig.  38  is  a  small  gouge  of  the  long  variety,  made  of  brown  sand- 
stone, three  and  three  eighths  by  one  and  one  half  inches.  It  is 
from  the  north  shore  of  Oneida  Lake,  and  is  grooved  from  end  to 
end.  Fig.  39  is  also  a  small  one,  probably  originally  much  like  the 
last.  It  seems  to  have  been  broken,  and  then  ground  down  to  a 
celt-like  edge,  having  part  of  the  groove  unchanged.  Others  occur 
where  this  has  been  done.  This  is  of  black  basalt,  and  was  found  at 
Brewerton.  The  top  is  probably  unaltered,  and  the  present  size  is 
two  and  seven  eighths  inches  by  one  and  one  fourth  wide.  For 
most  purposes  it  is  a  gouge  still.  Fig.  40  presents  the  same  feature, 
very  little  of  th«  grcxive  remaining.  It  is  of  grey  sandstone,  now 
flattened  by  this  secondary  work,  and  is  four  and  five  eighths  by 
one  and  three  fourths  inches. 

Fig.  42  is  a  very  broad  gouge  from  the  vicinity  of  Oneida  Lake, 
made  of  greenstone,  and  six  and  one  fourth  by  two  and  one  half 
inches.  The  broad  groove  is  but  two  and  one  half  inches  long. 
Fig.  43  is  much  like  this  at  one  end.  having  a  groove  of  similar  out- 
line. At  the  other  end,  however,  the  lines  of  another  groove  take 
a  reverse  sweep.  Both  ends  are  depressed.  The  material  is  green- 
stone, mottled  with  white,  and  the  dimensions  are  four  and  three 
quarters  by  two  inches.     It  was  found  near  the  Oswego  River. 

Fig.  45  is  a  fine  long  gouge  of  the  usual  size  and  form,  from 
Oneida  Lake.  It  is  of  black  basalt,  eight  and  one  quarter  by  two  and 
one  quarter  inches.  Some  others  there  were  much  larger.  These 
long  gouges  are  frequent,  varying  from  four  to  ten  and  one  half 
inches  long,  and  they  are  always  finely  finished,  but  are  not  so  com- 
mon as  the  other  forms.  They  occur  tliroughout  the  St.  Lawrence 
drainage  in  the  East. 

Fig.  54  is  one  of  those  we  have  termed  long  gouges,  but  it  has  a 
broad  smooth  groove  across  the  back,  not  unique  and  yet  a  rare 
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feature.  It  is  one  of  the  finest  examples  of  the  kind,  and  is  made  of 
dark  olive  green  slate,  five  by  two  inches.  It  was  found  on  the 
Seneca  River,  west  of  Cross  Lake.  Fig.  55  has  a  somewhat  similar 
dorsal  groove,  and  is  of  ironstone,  with  a  sharply  ridged  back, 
beveled  down  to  the  cutting  edge.  In  section  it  is  triangular,  and 
the  dimensions  are  four  and  one  eighth  by  one  and  seven  eighths 
inches.     It  was  found  near  Cayuga  Lake. 

Fig,  61  is  a  broad  gouge  of  rare  form,  closely  resembling  that 
of  some  celts.  It  is  a  handsome  mottled  stone  four  and  one 
eighth  by  two  and  three  eighths  inches,  and  comes  from  the  Oswego 
River.  The  back  is  ridged,  and  the  central  part  of  the  upper  sur- 
face at  first  sligfTtly  depressed,  then  quickly  hollowed  to  the  edge. 
Both  ends  are  neatly  rounded. 

Fig.  72  is  a  reduced  illustration  of  a  curious  implement  combining 
the  celt  and  gouge.  The  groove  extends  about  half  way  from 
one  end,  while  the  other,  which  is  broader,  has  a  chisel  edge.  Toward 
the  gouge  end  it  is  three  eighths  of  an  inch  thick.  It  is  picked  and 
ground,  and  the  dimensions  are  two  and  three  fourths  by  one  and 
three  fourths  inches.     It  comes  from  Seneca  Lake. 

An  angular  gouge  of  green  gneiss  from  Jefferson  .County,  has  an 
angular  groove,  ending  squarely  at  the  upper  end  about  midway 
in  the  implement.  This  is  an  unusual  feature.  It  is  six  sided  in 
section,  nine  and  one  eighth  by  one  and  three  fourths  inches  wide, 
and  is  every  way  a  remarkable  article.  Another  large  and  curious 
gouge  is  from  South  Lake,  Herkimer  County.  It  is  of  black  iron- 
stone, and  has  a  deep  and  long  secondarj'  groove  in  the  center,  with 
finer  ones  on  either  side  of  this.  The  length  of  the  implement  is 
12J  aind  the  breadth  two  and  one  fourth  inches. 

Usually  dorsal  grooves  are  confined  to  the  long  gouges,  but  one 
from  Brewerton,  having  the  gouge  cavity  about  one  third  of  the 
length,  has  a  broad  and  deep  groove  across  the  back,  with  a  broad 
and  shallow  one  above  this.  The  back  is  somewhat  flat,  while  the 
front  is  much  curved.  It  is  of  light  cream  colored  limestotie,  four 
and  one  quarter  by  two  and  three  eighths  inches  wide.  A  long 
gouge  from  the  same  place  is  much  contracted  at  the  upper  end, 
and  is  picked  all  over.     It  is  of  sandstone,  six  and  seven  eighths 
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by  one  and  one  half  inches.  A  long  gouge  of  black  basalt  from 
Skaneateles  has  a  bulge  in  the  back,  but  no  dorsal  groove.  It  was 
found  in  1884  and  is  five  and  three  eighths  by  two  inches.  Not  far 
from  this,  in  Spafford,  a  broad  and  thin  ironstone  gouge  is  three  and 
seven  eighths  by  two  and  one  eighth  inches. 

A  curious  gouge  of  bUck  basalt,  from  Oxford,  has  several  knob- 
like protuberances  on  the  back.  The  dimensions  are  seven  and  one 
half  by  two  and  three  fourths  inches.  A  long  and  deeply  hollowed 
gouge  from  Oneida  River,  thr«e  and  five  eighths  by  one  and  five 
eighths  inches,  has  two  grooves  across  the  back;  and  Pon^ey  fur- 
nishes a  long  gouge  of  greenish  grey  stone,  with  the  same  feature. 
This  implement  is  thick,  but  not  of  great  length,  the  dimensions 
being  four  by  one  and  seven  eighths  inches. 

One  beautiful  long  gouge  from  the  Oneida  River  is  of  red  slate,  a 
very  unusual  material.  It  is  seven  and  three  fourths  by  two  inches. 
One  of  black  basalt  from  Cross  Lake  is  both  large  and  fine,  being 
loj  inches  long  and  two  and  one  half  wide.  Another  of  green- 
stone, from  the  Oswego  River,  is  of  a  long  tapering  form,  flat  above. 
This  is  nine  and  three  fourths  by  two  and  one  half  inches. 

Broken  gouges  are  frequently  found.  Fanciful  uses  have  been 
ascribed  to  them,  but  it  can  hardly  be  doubted  that  they  were  em- 
ployed in  aboriginal  carpentry,  the  shorter  forms  being  often  fitted 
to  handles.  In  making  the  dug-out  canoe  they  would  have  been 
very  useful.  The  wide  difference  in  material  and  form,  however, 
suggests  artisans  of  differing  nations,  but  they  were  probably  used 
only  for  a  very  limited  time,  as  they  certainly  were  confined  to  a 
moderate  area.  The  makers  have  left  so  few  traces  that  little  can 
be  conjectured  regarding  them.  Only  this  we  know,  that  they  had 
no  practical  relationship  to  the  later  Indians. 

ADZBB  AND  HOBIS 

Stone  hoes  and  spades  were  but  sparingly  used  in  New  York,  as 
other  materials  were  employed  in  the  rude  agriculture  practised 
here  by  the  aborigines.  Loskiel  says  that  the  Delawares  and  Iro- 
quois '  used  formerly  the  shoulder  blade  of  a  deer  or  a  tortoise  shell, 
sharpened  upon  a  stone  and  fastened  to  a  thick  stick,  instead  of  a 
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hoe.'  The  Mohawks  used  wooden  hoes.  Com,  beans  and  squashes 
were  the  staple  products,  and  rude  implements  sufficed  for  these. 
Some  celts  may  have  been  adzes. 

Fig.  28  is  a  curved  celt-like  implement  of  polished  sandstone, 
from  the  east  end  of  Oneida  Lake. 

The  sharp  end  is  almost  pointed,  while  the  other  is  rounded  some- 
what like  a  ball.  This  may  have  been  used  as  a  pick  or  a  hoe.  It 
is  nine  and  one  fourth  inches  long  and  one  and  three  fourths  thick, 
being  reduced  in  the  illustration. 

Fig.  66  has  been  called  an  adze,  spade  or  hoe  and  is  a  rare  form 
in  New  York.  It  is  of  pohshed  <  black  slate,  somewhat  triangular 
in  outline,  and  having  a  groove  across  tlie  surface  about  a  third  of 
the  way  from  the  top.  Below  this  is  a  large  circular  perforation. 
The  size  is  four  and  one  half  by  three  and  three  quarters  inches,  and 
it  is  said  to  have  been  found  near  Canoga,  on  Cayuga  Lake.  It  is 
a  western  form,  and  finely  finished. 

STONB  BAU.S 

Stone  balls  were  often  employed  by  the  Iroquois  in  the  heads  of 
war  clubs,  a  hard  knot  sometimes  serving  the  same  purpose.  Some 
Onondagas  still  preserve  such  stones  used  by  their  ancestors.  They 
occur  moderately  on  most  Iroquois  sites,  wliether  early  or  recent, 
and  generally  show  irregular  facets,  though  sometimes  quite 
globular.  They  are  not  usually  large,  but  in  one  instance  at  least 
the  size  is  too  great  for  a  war  club.  They  are  occasionally  grooved, 
and  many  elliptical  pebbles  occur  with  this  feature,  which  were 
probably  sinkers,  and  had  no  relation  to  warfare.  These  are  abun- 
dant on  some  lake  shores,  notably  those  of  Cayuga  and  Seneca.  In 
the  West  stone  balls  have  been  used  by  the  Indians  somewhat  like 
slung  shot,  and  they  were  well  known  as  bolas  in  California  and 
elsewhere.  In  New  York  the  more  elaborate  stone  balls  may  be 
consi3ered  recent.  Although  perforated  stones  have  been  said  to 
have  been  used  as  weights  for  fire  drills  by  the  Iroquois,  there  is  no 
proof  of  this  in  early  days,  as  they  do  not  occur  on  Iroquois  sites; 
and  a  mistaken  impression  has  been  gathered  from  Morgan,  who 
makes  no  mention  of  a  stone  in  describing  the  fire  drill. 
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Fi|f.  47  is  a  small,  black  and  polished  ball,  out  of  a  large  quantity 
found  together  in  an  Indian  cemetery  at  Dresden,  on  Seneca  Lake. 
One  of  these  is  an  inch  in  diameter,  and  another  a  little  lai^r. 
They  are  not  quite  a  perfect  sphere.  Fig.  53,  from  a  stockade  on 
the  Seneca  River,  closely  resembles  these,  and  is  an  inch  in  general 
diameter,  but  is  a  little  oblong.  It  is  black  and  polished,  and  is 
quite  heavy. 

Fig.  49  is  one  of  the  lai^er  balls,  probably  used  in  war  clubs. 
It  is  of  polished  quartzite,  naturally  grey,  but  stained  dark  and  with 
russet  streaks.  A  distinct  flattened  zone  encircles  it  one  way,  but 
is  not  conspicuous,  and  there  are  obscure  facets.  The  diameter 
is  about  two  and  one  eighth  inches.  This  comes  from  the  Onon- 
daga town  of  1696,  near  Jamesville.  A  large  granite  ball,  one  foot 
in  diameter  and  worked  all  over,  comes  from  the  same  place.  It 
may  have  been  used  in  games. 

Fig.  51  is  a  ball  of  pink  quartzite,  faceted,  picked  and  ground. 
There  are  four  facets  on  opposite  sides,  and  another  b^un.  It  is 
two  and  one  half  inches  in  diameter,  and  was  found  on  a  village 
site  near  Baldwinsville. 

A  polished  brown  sandstone  ball  was  found  near  Amboy,  which 
was  covered  with  red  paint,  and  was  three  and  one  fourth  inches 
in  diameter.  A  very  irregular  faceted  one  of  brown  sandstone  is 
from  Indian  Hill,  occupied  by  the  Onondagas  in  1654.  It  is  two 
inches  in  diameter,  and  ground  but  not  polished.  One  of  picked 
ironstone  was  long  in  the  possession  of  the  Webster  family,  on  the 
Onondaga  Reservation.  It  is  two  and  one  fourth  inches  in  diam- 
eter, and  a  little  irregular.  Many  such  balls  are  found  in  Cayuga 
County,  where  oblong  grooved  pebbles  also  occur,  A  large 
grooved  ironstone  ball,  on  the  Onondaga  Reservation,  is  unpol- 
ished, and  three  and  seven  eighths  inches  thick.  A  spherical  one 
comes  from  Indian  Hill. 

Near  Baldwinsville  they  are  frequent  on  fortified  sites,  and  else- 
where. One  of  light  greenstone,  from  the  double  walled  fort,  has 
distinct  facets,  and  is  one  and  three  quarters  inches  in  diameter. 
Another,  from  the  same  place,  is  of  light  greenstone  and  has  irreg- 
ular faceU.    The  diameter  is  two  and  one  quarter  inches,  and  it  is 
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a  littte  flattened.  Many  more  might  be  described,  but  they  present 
no  very  different  features.  The  largest  of  these  is  three  and  three 
quarters  by  two  and  one  quarter  inches,  and  is  of  flesh  colored 
granite. 

Among  the  grooved  pebbles  is  a  long  one,  closely  resembling 
one  from  Wyoming.  It  is  grooved  all  around  from  end  to  end,  the 
length  being  three  and  three  quarters  and  the  width  one  and  three 
eighths  inches.  This  is  classed  among  the  sinkers,  which  usually 
have  the  groove  around  the  shorter  circumference  in  New  York. 

A  figure  of  a  perforated  ball  of  polished  yellow  granite  was 
omitted  from  some  doubt  of  its  character.  It  was  obtained  near 
Cross  Lake  some  years  ago,  and  two  and  one  eighth  inches  in 
diameter  by  one  and  five  eighths  inches.  The  perforation  is  coun- 
tersunk at  each  end,  the  general  diameter  is  a  quarter  of  an  inch,  and 
it  is  neatly  drilled.  In  1897,  however,  Mr.  A.  G.  Richmond  received 
one  of  these  from  Otsego  County,  of  which  he  says,  '  This  is  a 
smooth  stone,  about  two  and  one  half  inches  long,  one  and  three 
quarters  in  diameter,  and  with  a  hole  lengthwise  a  quarter  of  an 
inch  in  diameter.  It  is  something  so  unusual  for  this  part  of  the 
country  that  I  desire  to  call  attention  to  it.  It  was  a  surface  find 
in  that  county.'  The  two  articles  so  closely  correspond  in  size  and 
character  that  they  may  be  classed  definitely  among  New  York 
articles;  the  principal  difference  being  that  the  first  mentioned  is 
drilled  through  the  short  diameter.  Mr.  Richmond  would  place 
them  with  the  South  American  bolas,  but  the  perforation  of  so  hard 
a  stone  would  suggest  some  other  use.  The  figure  is  so  simple  as 
to  be  readily  understood  without  illustration. 

ORHAHBNTS 

For  convenience  in  arranging  illustrations,  some  of  the  small 
ornaments  are  not  placed  in  consecutive  order,  but  will  be  found  at 
intervals  among  the  rest.  Early  stone  ornaments,  aside  from  those 
classed  as  amulets,  gorgets  and  ceremonial  stones,  were  usually 
of  slate,  soapstone  and  sandstone,  and  were  not  many  in  number. 
Other  things  were  more  available  and  made  more  show.  A  little 
before  A.  D.  1700,  catlinite,  or  red  pipestone,  was  brought  east  in 
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small  quantities,  and  soon  became  quite  abundant.  It  assumed 
many  forms,  and  was  commonly  delicately  perforated  for  suspen- 
sion, often  having  a  double  parallel  perforation  for  the  purpose  of 
keeping  it  exactly  in  place.  By  this  time  the  Indians  had  many 
steel  tools,  and  handled  them  with  native  taste  and  skill,  jashioning 
many  simple  ornaments  for  themselves.  They  became  good  gun- 
smiths, good  silversmiths,  and  spared  no  time  to  make  an  article 
good.  Plain  circular  ornaments,  which  were  often  but  flat  rings, 
were  favorites,  and  these  must  have  been  laid  out  with  compasses, 
which  they  had  very  early  learned  to  use.  Many  articles  were 
straight  sided,  and  almost  pyramidal  in  outline.  Some  pieces  of 
stone  were  wrought  into  fishes,  and  others  into  human  masks,  often 
very  small  in  size.  Any  ornamental  form  was  useful,  and  some 
were  derived  from  the  whites.  The  gradual  change  in  ornament  is 
easily  seen,  particularly  on  the  historic  sites  in  the  counties  of 
Cayuga,  Montgomery  and  Onondaga. 

Fig.  5  is  a  characteristic  example  of  the  red  pipestone  orna- 
ment, nearly  one  and  one  half  inches  long  and  over  three  quarters 
wide  at  the  base.  It  is  less  than  a  quarter  of  an  inch  wide  at  the 
narrow  end,  and  there  are  small  and  shallow  indentations  all  along 
the  two  longer  edges,  and  on  both  sides.  A  double  perforation 
extends  from  end  to  end,  and  is  very  small.  This  is  from  Oneida 
Lake.  Fig.  41  is  of  the  same  material,  and  is  of  a  dagger  form, 
with  a  long  groove  on  the  face.  It  is  a  little  over  an  inch  in  length, 
and  comes  from  an  Oneida  site  near  Munnsville,  in  the  vicinity  of 
which  the  Oneidas  long  dwelt 

Fig.  44  is  of  an  older  and  more  curious  article,  from  a  site  occu- 
pied by  the  Onondagas  about  A.  D.  1600.  It  is  a  piece  of  sandstone 
almost  square;  in  general  appearance  like  the  nut  used  with  a  screw. 
It  is  perforated  like  that,  and  is  slightly  convex  on  one  side  and  con- 
cave on  the  other.  One  broad  surface  is  grooved.  The  diameter 
is  one  inch. 

Fig.  46  comprises  figures  of  three  stone  beads,  made  of  small 
drab  colored  concretions,  from  Chaumont  in  Jefferson  County. 
Fig.  52  shows  more  from  the  same  place.  They  are  more  com- 
monly made  from  some  perforated  fossil,  like  the  encrinite  stems, 
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known  in  Scotland  as  St  Cuthbert's  beads.  Fig.  48  illustrates 
another  and  larger  kind  by  two  views.  Natural  concretions  often 
become  rude  ornaments. 

Fig.  50  is  a  heart-shaped  ornament  of  sandstone  from  Oneida 
Lake,  perforated  near  the  top  for  suspension.  Length  seven  eighths 
of  an  inch.  Fig.  57  is  a  triangular  ornament  of  red  slate  fr<Mn 
Cayuga.  The  edges  have  a  concave  sweep,  and  it  is  less  than  an 
inch  long.  Fig.  56  is  from  the  same  vicinity,  being  a  large  pipe- 
stone  ornament,  with  two  perforations  as  in  a  gorget.  It  is  rounded 
at  the  ends,  and  the  sides  are  nearly  parallel.  It  is  flat  and  of  mod- 
erate thickness,  and  the  groove  is  parallel  with  the  edge,  except  at 
one  end.  The  length  is  three  and  one  half  and  the  breadth  one  and 
one  quarter  inches.  Fig.  59  is  of  the  same  material  and  from  the 
same  county:  It  is  a  flat  rectangle,  with  a  circular  central  opening, 
and  one  perforation  for  stringing.  Diameter  a  little  over  an  inch. 
Fig.  60  is  a  flat  truncated  pyramid  in  outline,  and  from  Onondaga 
County.  It  is  perfectly  plain,  and  has  one  longitudinal  perfora- 
tion. Length  one  and  five  eighths  inches  by  one  and  one  eighth 
wide. 

Fig.  58  is  a  figured  pendant  of  red  slate  from  Cayuga,  It  is  a 
circular  disk,  perforated  for  suspension  at  the  edge,  and  adorned 
with  irregular  lines  on  each  side.  Carved  disks  and  pebbles  are 
usually  recent.  The  diameter  is  one  and  one  fourth  inches.  Fig, 
82  is  a  flat  ring  of  pipestone,  one  inch  in  diameter.  These  are  com- 
mon, as  well  as  some  of  the  forms  already  figured. 

Fig.  84  is  a  long  parallel  sided  article  of  light  drab  slate  from  Fish 
Creek,  east  of  Oneida  Lake.  The  ends  are  rounded,  with  a  perfora- 
tion near  each.  It  is  flat  and  polished,  and  the  length  is  one  and 
three  fourths  inches.  Fig,  87  is  a  small  four-pointed  star  of  pipe- 
stone,  with  rounded  ends.  It  was  found  at  Oneida  Lake,  and  is 
eleven  sixteenths  of  an  inch  from  point  to  point. 

Fig.  88  is  of  three  rude  stone  beads  from  Cayuga  Lake.  Two  of 
these  are  Rat,  but  the  smallest  is  thick. 

Fig,  126  is  s  small  notched  and  polished  pebble  from  a  stockade 
site  on  Seneca  River.  The  material  is  greenish  slate,  and  except 
in  size  and  finish  is  precisely  like  the  flat  notched  sinkers.     Long 
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diameter  eleven  sixteenths  of  an  inch.  Fig.  127  shows  two  from  a 
recent  Cayuga  site,  a  very  little  longer,  but  otherwise  like  the  last. 
The  use  is  conjectural. 

Fig.  138  is  a  straight  sided  but  tapering  flat  cv-nament  of  pipestone 
from  Cayuga.  It  is  two  and  three  sixteenths  inches  long,  and  very 
narrow.  Fig.  148  is  of  the  same  material  and  from  the  same  local- 
ity. It  is  a  rectangular  disk,  with  a  central  circular  opening,  and  two 
small  perforations;  one  on  each  side.  Fig.  149  is  another  long  pipe- 
stone  ornament  from  Munnsville,  with  straight  converging  sides. 
Fig.  150  is  rarer,  but  of  the  same  material  and  from  the  same  place. 
It  is  a  small  trefoil,  showing  a  human  figure  on  one  surface.  Length 
thirteen  sixteenths  of  an  inch. 

Fig.  162  is  a  remarkable  article  from  a  much  frequented  early  site 
on  Onondaga  Lake.  It  is  a  cup-shaped  highly  polished  pendant 
of  brown  sandstone,  perforated  at  the  base  for  suspension.  The 
inside  distinctly  shows  the  work  of  the  rimming  tool,  but  the  out- 
side has  been  carefully  polished.  It  is  nearly  an  inch  in  diameter, 
and  seems  unique  here.  A  similar  broken  one  has  been  found  in 
California. 

Fig.  181  is  one  of  the  pipestone  ornaments  with  converging  sides, 
but  differs  from  most  in  rising  to  a  ridge  in  the  center  of  each  sur- 
face. There  is  a  central  longitudinal  perforation.  This  is  also  from 
Cayuga  County.  It  is  two  and  one  eighth  inches  long  by  a  little 
over  an  inch  broad.  Figs.  182  and  183  are  small  dagger-shaped 
ornaments  of  pipestone  from  Munnsville;  the  latter  perforated  for 
suspension.  Fig.  190  is  another  Cayuga  example  of  the  flat  pipe- 
stone ring,  perforated  as  usual.  Fig.  199  is  similar,  and  this  form 
is  very  common  on  recent  sites. 

Fig.  194  is  a  small  pipestone  ornament  from  Munnsville.  The 
sides  are  curved,  and  the  general  appearance  not  unlike  that  of  a 
Masonic  level.  Masonic  silver  emblems  were  common  among  the 
Indians  a  little  later.  Fig.  195,  from  the  same  place,  is  heart-shaped, 
and  dots  are  disposed  parallel  with  the  margin.  It  is  perforated  at 
the  lower  point.  Fig.  198  has  the  form  of  some  small  animal  made 
of  pipestone.     This  is  from  Cayuga. 
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Fig,  196  is  a  stone  ring  from  the  Oswego  River,  and  is  moderately 
symmetrical.  The  work  is  fair,  but  coarse.  The  projection  on  one 
side  is  perforated,  and  it  may  have  been  used  for  an  earring  or  orna- 
ment. Stone  finger  rings  are  rare.  Fig.  197  is  another  from  Fort 
Plain,  and  on  the  seal  are  a  tomahawk  and  arrow.  These  are  recent 
of  course. 

Fig,  210  is  a  cylindric  pipestone  bead  from  PcMnpey.  This  form 
is  rare.     Fig.  225  is  a  curious  perforated  ornament  of  stone. 

Fig.  226  is  a  pipestone  mask  from  Wisconsin,  which  may  be  com- 
pared with  New  York  specimens.  Fig.  227  is  a  small"  pipestone 
mask  from  a  recent  site  in  Pompey.  Fig.  228  is  a  rude  pipestone 
mask,  nearly  square.  Tliis  is  from  Munnsvtlle.  Fig.  232  is  a  small 
pipestone  mask  from  Onondaga  Lake.  This  has  a  rim  above  as 
though  part  of  a  pipe,  but  it  is  perforated  for  suspension.  It  is 
very  finely  worked.  Fig.  233  is  a  small  pipestone  mask  which  lay 
on  a  child's  skull  in  a  grave  at  Scipioville.  Another  rather  rude 
mask  comes  from  Cayuga  County.  Fig.  238  is  another  fine  mask 
from  the  same  county.  It  is  of  grey  marble,  slightly  concave  be- 
hind, and  is  larger  than  most  good  examples  here.  Fig.  239  is  a 
cobble  stone  on  which  is  carved  a  human  face.  The  character  is 
modern  and  it  comes  from  near  Cape  Vincent. 

Fig.  229  is  a  quatrefoil  of  pipestone  from  Munnsville.  It  has  a 
circular  opening,  and  is  a  rare  form  of  ornament. 

Fig.  230  is  a  curious  little  pipestoiw  ornament  witli  volutes.  It 
is  from  Munnsville  and  equally  rare.  Fig,  231  is  a  pipestone  fish 
from  the  same  place.  Fig.  234  has  straight  but  not  parallel  sides, 
and  is  of  pipestone.  Besides  the  grooved  lines  mostly  parallel  with 
the  edges,  there  is  inscribed  on  it  the  name  of  'Joheannes,'  in  a  very 
neat  hand.  It  was  found  at  Auriesville.  Fig.  235  has  also  straight 
but  not  parallel  sides.  It  is  of  pipestone  and  from  Cayuga.  There 
is  a  perforation  midway  in  the  narrow  top,  and  one  near  each  lower 
corner.  A  broad  groove  runs  parallel  with  three  edges,  and  within 
this  are  fine  cross  lines.  It  is  two  and  five  eighths  long  by  one  and 
five  eighths  inches  wide. 

f^'S-  237  is  also  from  Cayuga,  and  of  pipestone.  The  straight 
sides  converge,  but  the  basal  line  is  quite  convex.    There  is  a  small 
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superficial  perforation  '■.t  the  top  and  bottom.  Fig.  240  is  a  small 
pipestone  ornament  found  with  a  skeleton  near  Onondaga  Lake. 
There  are  two  perforations.  Fig,  242  is  a  flat  oval  ornament  of 
common  slate,  perforated  at  the  small  end,  and  found  on  an  Onon- 
daga site  of  1600.  Fig.  243  is  a  small  pipestone  ornament  from 
Cayuga,  with  converging  sides.  It  is  notched  along  the  edges  and 
perforated.  Fig,  244  is  similar,  but  parallel  sided,  and  comes  from 
Pompey.  Fig.  245  is  a  flat  serpent  form  of  scAt  greenish  slate,  and 
part  of  the  back  has  been  cracked  off.  A  well  defined  head  and 
scales  remain,  as  well  as  the  general  outline.  It  is  much  curved 
horizontally,  is  three  and  seven  eighths  inches  long,  and  probably 
very  early, 

A  turtle  totem  of  grey  stone  came  from  an  early  cache  in  Cayuga. 
It  had  projecting  head,  feet  and  tail,  and  was  perforated  for  suspen- 
sion. A  frog  of  green  slate,  found  in  Canajoharie  Creek,  is  well  pro- 
portioned and  carved,  but  seems  recent.  A  disk  of  green  sand- 
stone from  that  vicinity  has  on  it  a  tree,  1774,  and  W.  H.  K.,  and 
such  inscriptions  are  not  rare.  A  curious  hatchet  shaped  stone 
found  there,  has  a  fine  wolf's  head  in  relief.  A  remarkable  orna- 
ment is  from  Belleville,  Jefferson  County,  It  has  on  it  what  seems 
a  ship,  and  also  a  fish  with  feet  It  is  of  red  slate,  and  much  like 
other  recent  articles. 

With  all  the  vigor  of  their  ornamental  work  it  is  commonly  easy 
to  distinguish  that  done  by  the  aborigines  from  that  of  the  white 
man,  with  a  moderate  experience,  and  quite  as  readily  may  recent 
work  be  distinguished  from  that  which  is  earlier.  Little  touches 
make  the  difference.  In  some  places  there  are  scores  of  small  peb- 
bles adorned  with  designs,  and  probably  made  and  used  by  Indians, 
but  they  are  almost  always  recent  work.  On  the  great  subject  of 
these  distinctions  we  need  not  enter  now,  merely  calling  attention 
to  it. 

HAMMER  STONBS  AND  MULLBItS 

Stones  with  pits  or  cups  are  found  throughout  the  world,  and 
much  has  been  written  on  their  uses.  Many  of  them  were  undoubt- 
edly hammer  stones,  specially  when  made  of  small  pebbles,  easily 
used  in  this  way.     Even  these,  however,  are  not  alike,  and  other 
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uses  have  to  be  imagined.  The  larger  flat  stones,  with  many  cavi- 
ties, are  plainly  of  a  different  class,  but  they  are  not  frequent  in  New 
York,  and  require  little  attention  now.  They  are  quite  generally 
considered  nut  stones,  used  for  cracking  hickory  nuts  specially, 
and  it  may  be  allowed  that  many  had  this  occasional  use  at  least. 
North  and  south  alike  the  Indians  made  large  use  of  nuts,  and  there 
was  general  rejoicing  among  the  Senecas  in  1670,  because  hickory 
nuts  were  so  abundant.  From  these  and  from  sunflowers  they  pro- 
cured an  oil  which  they  highly  prized.  That  they  had  suitable  im- 
plements for  cracking  or  crushing  these  there  can  be  no  doubt. 
To  the  wooden  pestle  and  mortar  the  Mohawks  sometimes  added 
the  crushing  of  grain  between  two  stones,  and  this  was  more  neces- 
sary when  the  harder  nut-shell  was  to  be  cracked. 

That  these  pits  were  used  as  sockets  for  hre-drills  is  against  all 
probability.  The  proper  socket  for  these  was  the  dry  wood,  which 
could  be  set  on  fire  as  intended,  while  the  stone  could  not.  That 
some  were  used  as  lap  stones  is  almost  certain^  and  it  is  perfectly 
clear  that  many  could  not  have  been  hammers.  Some  may  have 
been  used  in  games,  so  neatly  are  they  finished,  but  the  subject  of 
their  use  will  not  be  farther  discussed  now.  The  present  conclu- 
sion is  that  they  had  varied  uses,  some  of  which  are  now  unknown. 

The  ordinary  hammer  stones  are  too  well  known  to  require  many 
illustrations,  while,  at  the  same  time,  there  is  an  almost  infinite 
variety  of  forms  and  combinations.  A  flat  polished  surface  makes 
a  muller;  a  deeply  pitted  stirface  marks  many  kinds  of  hammer 
stones.  Those  with  battered  edges  probably  had  this  use.  Others 
of  soft  materials  show  no  traces  of  this;  some  approach  the  southern 
chungke  stone,  and  may  have  been  used  something  like  that.  Ham- 
mer stones,  so  called,  are  still  found  on  Iroquois  sites,  but  two  cen- 
turies old,  and  may  have  come  down  to  the  present  century. 

Fig.  62  is  a  circular  pebble  of  brown  sandstone,  and  seems  to 
have  been  worked  into  shape.  There  is  an  irregular  pit  in  the  center 
on  each  side,  and  it  never  was  used  as  a  hammer,  being  too  soft.  The 
diameter  is  three  and  three  eighths  and  the  thickness  one  and  one 
half  inches.     It  is  from  a  hamlet  on  the  Seneca  River, 
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Fig.  64  is  a  double  muller.  The  ends  are  somewhat  convex,  as 
is  often  the  case,  and  it  is  iinely  picked  around  the  very  deep  edge. 
This  is  also  from  the  Seneca  River,  where  many  forms  abound.  It 
is  three  and  one  half  inches  wide,  and  two  and  seven  eighths  deep. 
Both  these  figures  are  reduced.  Fig.  122  is  a  muUer  of  quite  a  dif- 
ferent character.  The  last  might  have  been  used  in  a  game,  but  this 
probably  would  not  have  been.  It  is  of  greenstone,  and  has  the 
upper  surface  picked,  polished  and  rounded,  with  a  depression  in  the 
center.  The  edge  is  picked,  so  tha*  it  forms  a  true  circle,  while  the 
under  side  is  flat  and  polished.    It  is  four  inches  wide  by  two  deep. 

A  fine  implement  comes  from  the  Seneca  River,  and  is  a  circular 
flattened  white  sandstone  pebble,  neatly  chipped  around  the  edges, 
and  broadly  depressed  on  both  sides,  this  depression  nearly  reaching 
the  edge.  The  diameter  is  four  and  one  half  inches.  Another  is 
an  elliptic  pebble  of  brown  sandstone,  three  and  three  quarters 
inches  in  the  loi^  diameter,  and  about  half  as  thick.  It  is  ground 
nearly  flat  on  one  side,  as  though  for  a  muller,  the  remainder  being 
left  untouched.  This  is  from  Onondaga  Lake.  Another  elliptical 
sandstone  pebble  has  been  roughly  ground  at  one  end,  as  though  to 
change  the  shape,  and  an  irregular  groove  has  been  sharply  picked 
or  cut  in  the  center.  Many  show  this  primary  picking,  the  depres- 
sion being  made  for  use,  and  not  by  use. 

A  broad  central  line  of  white  quartz  passes  through  a  handsome 
angular  black  pebble,  which  has  been  roughly  ground  at  one  end, 
leaving  it  now  a  hammer  stone,  but  it  may  have  been  intended  for 
the  ball  of  a  war  club.  Many  hammer  stones  have  double  pits  on 
one  or  both  surfaces  of  the  elliptical  or  circular  pebbles.  One 
from  a  stockade  on  the  Seneca  River  is  an  oval  brown  sandstone 
pebble,  four  and  one  quarter  inches  the  long  way.  Sharp  and  mod- 
erately broad  cuts  have  been  made  in  this,  in  the  center,  with  a 
sharp  tool. 

A  curious  stone  comes  from  an  Indian  fireplace  in  East  Varick. 
The  Indian  soon  saw  the  advantages  of  compasses,  and  used  them 
on  shell  and  stone.  This  brown  sandstone  pebble  has  a  slight 
pit  in  the  center,  from  which  six  concentric  circles  were  laid  out,  in- 
tersected by  a  six-pointed  star.     A  recent  double  muller  of  grey 
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quartz,  finely  polished,  is  from  Indian  Hill  (1654),  and  is  so  neat  and 
symmetrical  that  it  may  have  been  intended  for  some  game.  The 
diameter  is  two  and  one  eighth  inches,  and  the  thickness  one  and 
one  eighth.  It  is  a  beautiful  article.  One  fifty  years  older  comes 
from  a  stockade  some  miles  south  of  this.  It  is  a  red  sandstone 
pebble,  with  both  surfaces  convexly  ground,  and  with  a  small  in- 
dentation. The  edges  are  picked,  and  it  is  four  inches  wide  by  one 
and  five  eighths  deep.  A  combined  hammer  stone  and  muller  is 
from  Indian- Hill,  but  it  has  the  pit  in  the  center  of  the  flat  side. 
The  convex  side  is  depressed,  and  the  edge  hammered.  A  fine  nut 
stone  from  Rome,  nearly  six  inches  across,  has  three  cavities  on  one 
side,  one  of  them  of  a  lozenge  form, 

A  curious  elliptic  pebble  of  brown  sandstone  is  from  Onondaga 
Lake.  I-t  is  ground  and  pitted  as  usual,  and  from  this  a  slewing 
surface  has  been  ground  toward  each  end.  One  from  Cayuga 
County  has  terminal  grooves  instead.  On  Mohawk  sites  mullers 
are  also  found  with  European  relics. 

Fig.  76  is  an  extremely  small  muller,  but  three  quarters  of  an 
inch  across.  It  is  a  circular  sandstone  pebble  distinctly  ground  on 
one  side,  and  was  found  on  the  Seneca  River. 


Pestles  are  everywhere  found,  as  might  be  expected,  but  were 
very  sparingly  used  by  the  Iroquois,  who  preferred  their  wooden 
pestle  and  mortar,  as  they  do  still.  The  Jesuit  missionaries  among 
the  Hurons  expressed  the  same  preference,  although  they  had  a 
hand  mill  which  the  Indians  delighted  to  turn.  The  primitive  im- 
plements gave  the  best  results.  Mr.  Fowke  thinks  the  cyhndrical 
pestle  was  used  as  a  rolling  pin,  but  has  taken  no  notice  of  the  long 
flattened  pebbles,  so  frequent  in  parts  of  New  York.  It  may  be 
they  were  sparingly  used  elsewhere.  Stone  mortars  are  more  com- 
mon toward  the  coast,  and  the  ordinary  pestle  or  pounder  must 
often  have  been  used  without  them.  Prof.  G.  H,  Perkins  described 
a  pestle  with  a  carved  head  in  Vermont,  and  there  is  one  of  these 
in  the  State  Museum  at  Albany,  Mr.  Wagman  had  a  fine  one  of 
this  kind  from  Lake  George,  with  an  animal  head  at  one  end.  It 
was  24  inches  long  and  two  thick.     Several  have  been  seen  in  the 
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central  part  of  the  State.  Mr.  Wagman  had  23  long  pestles,  vary- 
ing from  seven  to  21  inches  long.  They  are  quite  as  large  else- 
where, but  vary  in  form. 

There  are  very  many  small  ones,  of  long  cylindric  pebbles,  more 
or  less  worked,  which  can  hardly  have  been  used  in  pounding,  they 
are  so  light.  They  may  have  been  employed  for  mixing  paint,  or 
for  rolling  pins.  The  short  truncated  forms  are  rare  in  New  York, 
nor  are  the  well  worked  cylinders  common.  Ruder  implements 
often  sufficed. 

Fig.  63  is  a  grey  sandstone  pebble,  seven  inches  long,  and  much 
enlarged  at  one  end.  It  shows  work  and  use,  and  was  found  at 
Onondaga  Lake.  This,  with  those  up  to  Fig.  74  inclusive,  are  re- 
duced in  the  illustrations.  Fig.  65  is  a  small  angular  pestle  of 
sandstone,  flat  and  with  parallel  sides.  It  has  been  picked  into 
shape,  and  the  top  is  neatly  rounded.  It  is  three  and  three  eighths 
inches  long  by  one  wide,  and  is  from  Seneca  River,  where  these 
simple  forms  abound. 

Fig.  67  is  a  well  worked  pestle  from  the  vicinity  of  Rome,  much 
contracted  at  one  end  for  a  little  over  an  inch  of  the  length,  and 
then  expanding  to  a  thickness  of  two  and  one  fourth  inches.  Hence 
the  edges  converge  in  straight  lines  toward  the  smaller  rounded 
end.  It  is  eight  and  three  quarters  inches  long  and  angular.  Near 
tlie  broad  end  is  a  large  pit  like  that  of  a  hammer  stone,  which  is  a 
frequent  feature  of  these  angular  pestles,  whether  broken  or  perfect. 

Fig.  68  is  the  finest  example  known  of  the  carved  pestles,  if  it 
may  be  classed  with  them.  In  the  illustration  it  is  more  reduced 
than  the  others,  being  drawn  half  their  size.  It  is  15  inches  long, 
and  two  and  one  half  broad  in  the  widest  part  ol  the  handle,  if  it 
may  be  so  called,  for  it  seems  more  of  a  war  club  than  pestle.  It  is 
a  long  pebble  of  a  hard  brown  sandstone,  and  the  tapering  end, 
where  it  was  grasped  by  the  hand,  shows  much  use.  The  sides  are 
flat  and  neatly  rounded  at  the  edges,  which  are  otherwise  angular, 
the  implement  being  about  half  as  thick  as  wide.  The  head  is 
boldly  but  neatly  carved,  representing  an  animal's  head  with  con- 
spicuous eyes  and  teeth.  These  are  not  in  relief  but  engraved. 
Both  sides  are  ahke,  and  the  head  is  somewhat  thicker  than  the 
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broad  handle,  from  which  it  is  also  distinguished  at  the  neck.  The 
eye  has  two  circular  perforations,  separated  by  a  ring  between.  A 
deep  cut  forms  the  mouth,  and  notches  on  either  side  of  this  are  the 
teeth.  Although  somewhat  heavy  for  a  war  club  it  would  have 
been  an  effective  weapon,  and  the  sole  signs  of  use  are  at  the  con- 
tracted end,  farthest  from  the  bead.  This  being  so  it  can  hardly  be 
doubted  that  it  was  a  warlike  weapon. 

Fig.  69  is  a  broken  sandstone  pebble,  having  a  carved  head  with 
a  mouth  and  raised  eyes  or  ears.  It  was  found  in  1879  at  an  early 
site  on  the  Seneca  River.  One  side  is  flat,  and  the  work  is  rude. 
It  now  measures  six  and  three  quarters  by  one  and  three  quarters 
inches.  A  fine  example  of  the  carved  pestle  is  in  the  State  Museum, 
having  a  fish's  head.  Several  have  occurred  near  the  Seneca  River 
which  have  now  disappeared. 

Fig.  70  is  a  fine  cylindric  pestle  from  the  Seneca  River,  which  has 
been  picked  and  polished.  The  greatest  width,  two  and  one  fourth 
inches,  is  just  below  the  center,  and  it  is  nine  and  one  half  inches 
long.  A  larger  one,  which  has  lost  part  of  its  length,  is  from  the 
same  stream.  It  is  of  a  long,  tapering  and  cylindric  form,  polished, 
but  retaining  a  few  pick  marks,  and  is  of  brown  sandstone.  It  is 
still  I4i  long  and  one  and  five  eighths  inches  thick  at  the  small  end 
where  it  was  broken.  The  thicker  end  is  two  and  one  dghth  inches 
in  diameter. 

Fif.  71  is  very  frequent  form  on  the  Seneca  River,  and  though 
it  shows  use  in  pounding,  it  seems  to  have  been  oftener  employed 
in  grinding,  one  side  and  edge  being  flattened  by  use.  It  is  a  brown 
sandstone  pebble,  and  was  found  at  Onondaga  Lake.  The  length 
is  eight  and  three  eighths  inches,  and  it  is  quite  slender,  the  width 
being  one  and  three  quarters,  with  a  thickness  of  one  and  one  eighth 
inches. 

Fig.  7Z  is  a  cylindric  and  truncated  pestle  of  brown  sandstone, 
which  is  perfect,  and  is  five  and  one  fourth  by  two  and  one  fourth 
inches.  Another  of  similar  form  is  also  from  the  Seneca  River,  and 
of  a  little  larger  dimensions.  Fig.  74  is  a  truncated  pebble,  picked 
at  both  ends,  and  comes  from  the  same  stream.  It  is  a  cylindric 
sandstone,  two  and  one  half  inches  long  by  one  and  three  quarters 
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thick.  Dr.  Abbott  considered  these  hammers,  but  hammering 
and  pounding  are  much  alike. 

Fig-  75  is  a  pyriform  grey  sandstone  pestle  from  Onondaga  Lake. 
It  resembles  a  plummet,  but  is  larger  and  not  grooved.  These 
would  not  be  real  distinctions,  but  while  this  implement  has  been 
picked  and  polished,  the  ends  have  been  battered  by  use.  It  is  four 
and  one  eighth  by  two  and  one  fourth  inches. 

Fig.  89  is  a  good  example  of  the  small  pestles  probably  used  in 
preparing  paint.  It  is  of  brown  sandstone  and  quite  slender,  being 
four  and  five  eighths  by  one  and  three  eighths  inches.  It  has  slight 
pits,  and  is  from  the  Oneida  River,  There  are  many  like  this,  but 
usually  larger. 

Many  large  and  rude  pestles  occur.  One  of  brown  sandstone, 
from  Elbridge,  is  slightly  spoon-shaped,  having  a  small  wedge-like 
projection  at  one  end,  useful  for  cleaving  off  bark,  and  this  may 
have  been  its  purpose.  Except  this  if  is  rectangular  in  section,  and 
has  the  sides  nearly  parallel.  It  is  24  inches  long,  with  a  general 
thickness  of  two  and  one  half  inches.  Another  similar  and  of  the 
same  material,  comes  from  the  same  town.  It  is  almost  square  in 
section,  and  quite  straight  like  the  last.  The  length  is  17  inches, 
and  if  is  two  and  one  half  by  two  and  one  quarter  inches  in  thick- 
ness. These  large  and  rude  implements  often  occur  in  various 
places,  and  quite  a  number  from  Brewerton  are  full  18  inches  long. 

A  curious  but  rude  pestle  of  brown  sandstone  comes  from  the 
Seneca  River.  It  is  quite  angular,  and  four  of  the  sides  are  smooth. 
Between  these  the  edges  are  roughly  chamfered.  One  smooth 
side  is  grooved  like  a  gouge  at  the  smaller  end,  probably  in  sharp- 
ening tools,  and  there  are  pits  at  the  larger  end.  It  is  eight  and  one 
fourth  inches  long,  the  greatest  width  being  one  and  seven  eighths 
inches.  A  flat  sandstone  pestle,  from  Oneida  Creek,  has  parallel 
sides  and  compressed  ends,  with  many  pits.  The  dimensions  are 
six  and  three  eighths  by  two  and  five  eighths  inches. 

One  from  Onondaga  Lake  has  one  edge  perfectly  straight,  while 
the  other  is  picked  and  curved,  and  has  a'  transverse  groove,  per- 
haps for  attaching  a  handle.  Both  ends  show  use.  This  is  seven 
and  seven  eighths  by  two  and  seven  eighths  inches.    A  somewhat 
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cylindric  but  six-sided  pestle  is  from  Oneida  Lake.  The  size  is  igi 
by  two  and  one  fourth  inches.  This  is  a  rude  article,  but  a  well 
wrought  cylindric  pestle,  iii  by  two  and  three  eighths  inches  is 
from  the  same  place.  A  flattened  one  of  sandstone,  from  Oswego 
Falls,  is  14J  by  two  and  one  half  inches. 

A  pestle  from  Oswego  Falls  resembles  Fig.  67.  It  is  square 
in  section  and  compressed  at  the  larger  end,  whence  it  tapers  to  the 
smaller.  The  form  is  long  and  slender,  being  18  inches  in  length  by 
two  and  seven  eighths  thick,  A  pyriform  pestle  of  grey  sandstone 
is  from  Cross  Lake,  and  is  ground  in  lines  toward  one  end.  The 
length  is  three  and  one  fourth  and  the  thickness  one  and  one  half 
inches. 

Though  the  Iroquois  used  stone  pestles  but  little,  one  of  the  sand- 
stone pebbles  utilized  as  pestles  on  the  Seneca  River  and  elsewhere 
so  freely,  has  been  found  on  Indian  Hill.  It  is  log  inches  long,  per- 
fectly straight  most  of  the  way  on  one  side,  and  showing  marks  of 
human  use.  A  cylindrical  pestle  of  sandstone  comes  from  Rome, 
and  is  nine  inches  long  by  two  and  one  half  thick.  From  the  same 
place  is  another,  compressed  near  the  broad  end  and  with  pits  on 
two  sides.  It  tapers  as  usual,  and  is  flattened.  The  ends  are  ham- 
mered.    It  is  six  inches  long  by  two  inches  in  diameter. 

A  large  pestle  with  a  carved  head  has  been  described,  found  on 
the  Hudson  below  Albany.  The  eyes  are  sunken  and  the  lips  hned. 
The  length  is  26  and  the  diameter  one  and  seven  eighths 
inches.  One  cylindric  pestle  is  from  Seneca  Lake,  and  is  made  of 
sandstone.  It  is  nine  and  three  quarters  inches  long  and  two  and 
five  eighths  thick. 

Quite  curious  forms  occur  in  Tioga  County.  A  massive  squared 
one  from  Newark  Valley  is  reported  as  being  15  inches  long  and 
five  and  one  half  thick,  while  other  curious  ones  occur  in  the  neigh- 
borhood. One  from  Owego,  broadly  shouldered  below  the  handle, 
is  17J  inches  long,  six  and  one  half  broad  at  the  base  and  four  and 
one  fourth  thick.  The  shoulder  is  10  inches  above  the  base,  and 
the  weight  21  pounds.  A  similar  one  from  the  same  place  is  15 
inches  long  and  four  inches  in  the  greatest  diameter.  The  handle 
is  cylindric,  the  base  being  square,  and  eight  inches  long. 
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Fig.  85  is  a  curious  little  implement  of  fine  brown  sandstone,  from 
the  Seneca  River.  Although  so  small  its  form  suggests  a  pestle, 
but  it  was  probably  a  paint  muller,  as  it  is  more  adapted  for  grind- 
ing than  any  other  use.  It  is  rectangular  both  in  section  and  out- 
line, and  is  one  and  three  eighths  inches  long,  with  a  long  diameter 
of  three  quarters  of  an  inch.  Both  ends  are  flat,  and  might  be  used 
for  grinding. 


Fragments  of  potstone  vessels  are  found  in  many  parts  of  the 
State,  but  perfect  vessels  are  now  very  rare.  The  material  was  so 
easily  worked  that  it  was  used  for  other  things.  Naturally  the  re- 
mains of  vessels  occur  oftenest  near  navigable  waters,  as  they  were 
too  heavy  to  carry  far  by  hand.  Among  those  in  the  Wagman  col- 
lection was  one  with  a  handle,  and  such  handles  are  usually  more  or 
less  carved.  The  vessels  are  most  neatly  finished  within,  as  a  rule, 
and  are  often  quite  shallow.  Outside,  the  base  is  often  left  rough 
and  angular,  perhaps  that  it  may  stand  the  better,  or  for  finishing  in 
leisure  hours.  The  material  was  not  procured  in  the  State,  although 
it  occurs  here,  and  probably  most  of  the  vessels  come  from  Penn- 
sylvania. Dr.  Abbott  mentioned  none  in  New  Jersey,  nor  have  any 
been  reported  in  Canada,  where  steatite  pipes  are  common.  Many 
fragments  are  pefforated,  and  some  have  been  worked  over  for  new 

Fig.  77  is  a  section  of  a  vessel  restored  from  fragments  found  at 
Rome.  The  pieces  were  saved,  put  together,  and  this  is  a  reduced 
figure  of  the  vessel,  which  is  lO  inches  high  and  about  20  inches 
across  the  handles.  The  greatest  thickness  at  the  bottom  is  one  and 
one  half  inches,  and  this  is  quite  flat,  although  rounding  quickly  to 
the  sides.  The  rim  is  thin,  and  this  is  a  common  feature.  Many 
vessels  are  much  shallower  than  this.  One  from  the  Oswego  River 
is  angularat  thebottom,andthe  total  outside  depth  in  places  is  buttwo 
inches,  the  bottom  being  three  eighths  of  an  inch  thick  and  perfectly 
flat.  The  curving  rim  of  this  is  notched.  Another,  from  the  Seneca 
River,  is  also  shallow,  broader  at  the  base  than  at  the  top  outside, 
and  nearly  straight  at  top  and  bottom;  the  bottom  diameter  being 
four  and  three  eighths  inches.  The  inner  side  is  nicely  curved,  and 
the  fragment  is  perforated  in  one  place.     It  may  be  that  a  better 
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finish  was  in  prospect  for  the  outside,  which  is  quite  rude.  The 
broad  handle  projects  one  and  one  fourth  inches,  and  has  five 
straight  grooves  on  the  upper  side,  at  right  angles  to  the  vessel. 
Straight  rims,  however,  are  often  found. 

Fig.  78  is  a  curious  piece  of  potstone,  somewhat  like  a  door  knob. 
It  seems  complete,  and  is  neatly  finished,  but  has  no  assignable  use. 
When  worked  all  over,  however,  steatite  might  seem  finished  in  any 
stage.  It  comes  from  Onondaga  Lake,  and  is  two  inches  long,  one 
and  one  half  wide,  and  one  deep. 

Fig.  79  shows  a  notched  potstone  rim,  and  this  form  is  frequent. 
Some  rims  have  simply  acute  notches,  while  in  other  fragments  they 
have  a  rounded  form.  The  perforations  are  well  known.  Many 
fragments  are  curiously  grooved,  and  one  has  two  grooved  edges 
and  two  perforations.  It  is  now  three  and  one  fourth  by  two  and 
three  fourths  inches  across. 

Fig,  80  is  a  potstone  sinker,  made  from  the  curving  side  of  a 
broken  vessel.  Grooves  encompass  it  near  each  end.  This  is  two 
and  three  eighths  by  one  and  one  eighth  inches,  and  one  much  like 
it  has  been  found  at  Owego.  The  one  figured  is  from  the  Seneca 
River. 

Fig.  81  is  a  handsome  notched  and  grooved  handle,  with  part 
of  the  notched  rim.  The  projection  and  width  are  each  one  and 
one  half  inches.  This  is  a  frequent  size  of  handles.  Fig.  83  is 
another  broader  and  heavier  handle,  being  from  a  heavy  vessel  found 
by  the  Seneca  River,  and  then  entire.  It  was  left  exposed,  broken 
by  frost,  and  carried  off  in  fragments.  If  circular  it  would  have 
been  13J  inches  in  diameter  at  the  rim.  The  under  side  of  the  han- 
dle is  smooth,  and  blackened  with  use.  The  upper  is  adorned  with 
cross  grooves.  The  projection  is  two  and  one  fourth  inches.  Sev- 
eral carved  handles  might  be  described,  and  they  project  from  one 
to  three  inches  or  more,  with  a  corresponding  width.  In  the  Rome 
example,  the  projection  is  one  and  one  fourth,  with  a  width  of  two 
and  three  fourth  inches. 

HTOHB  FLDMBIBTS 

A  very  interesting  class  of  stone  implements  is  that  of  the  plum- 
mets, which  are  somewhat  local  in  New  York.     They  have  a  very 
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moderate  distribution  here,  but  probably  Brewerton,  at  the  foot  o( 
Oneida  Lake,  has  furnished  more  than  all  the  State  beside.  Even 
there  they  mostly  occur  in  a  very  limited  area.  They  are  not 
rare  about  Onondaga  Lake,  and  these  are  the  two  localities 
of  Central  New  York.  Local  specimens  differ  much  from 
those  of  the  West.  It  has  been  surmised  that  they  had  a  supersti- 
tious use,  but  here  they  seem  confined  to  good  Ashing  places,  and 
may  well  be  classed  as  sinkers,  although  some  of  them  seem  hardly 
fitted  for  this  use. 

There  are  many  plummets  in  the  South,  having  the  usual  groove 
but  also  often  perforated.  They  occur  in  New  England,  Ohio,  and 
California.  Out  of  270  in  his  collection,  Mr.  Douglass  had  but  29 
from  New  York.  It  would  be  interesting  to  know  from  what  points 
these  came.  None  have  been  reported  from  New  Jersey.  Dr. 
Abbott  says  that  one  was  found  in  a  mortar  in  Massachusetts,  and 
Schoolcraft  not  only  speaks  of  them  in  New  Hampshire,  but  says 
that  the  Pennacook  Indians  used  them  as  sinkers.  The  latter  state- 
ment may  be  taken  for  what  it  is  worth.  The  Eskimo  have  similar 
sinkers,  but  they  are  perforated.  Among  the  California  Indians  it 
is  said  they  were  used  as  rain  charms,  and  rude  ones  are  found 
in  the  Florida  shell  mounds. 

Fig.  3  is  a  small  and  slender,  as  well  as  rather  flat  slate  plummet 
or  pendant,  slightly  resembling  the  older  ones.  It  is  rather  an 
ornament  than  anything  else,  and  comes  from  a  recent  site  in  Pom- 
pey.  It  is  placed  here  because  of  a  likeness  which  is  more  apparent 
than  real.     The  length  is  two  inches. 

Fig.  90  is  a  slender  curved  one,  not  of  the  usual  form,  but  grooved 
in  a  frequent  way.  Near  each  end  is  an  encircling  groove  to  which 
a  cord  might  have  been  attached.  Across  each  rounded  end  is  a 
connecting  groove,  often  seen  at  the  top  of  plummets.  It  is  o(  dark 
sandstone  and  was  found  in  Elbridge.  The  length  is  four  and  one 
half,  and  the  thickness  one  and  one  eighth  inches.  A  similar  curved 
one  of  brown  sandstone,  from  the  Seneca  River,  is  much  flatter,  and 
has  tally  notches  on  each  side.  This  is  three  and  seven  eighths 
inches  long,  and  one  and  five  eighths  broad  the  widest  way. 

Fig.  91  is  a  true  plummet  of  fine  polished  grey  sandstone,  from 
Onondaga  Lake,  beautifully  worked  and  of  fine  form.    The  groove 
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is  unusually  near  the  top.  It  is  four  and  one  fourth  long  by  nearly 
one  and  one  half  inches  thick.  Fig.  92  is  of  flattened  red  sand- 
stone, with  a  pointed  eight-sided  top  above  the  groove.  The 
body  is  also  angular  and  rather  irregular.  This  came  from 
the  Seneca  River,  between  the  lakes  mentioned,  and  is  three  and  five 
eighths  long  by  one  and  one  half  inches  wide. 

Fig.  93  is  of  greenstone,  generally  cylindrical  and  slightly  faceted. 
The  groove  is  deep  and  the  top  simple.  This,  with  several  follow- 
ing, came  from  Brewerton.  It  is  three  and  one  half  long  by  one 
and  one  half  inches  wide.  Fig.  94  is  very  broad,  and  is  polished 
and  somewhat  flattened.  It  is  elliptic  in  section,  and  made  of  red 
granite.  It  has  shoulders  but  no  groove,  and  is  two  long  by  one 
and  three  quarters  inches  broad.  A  few  closely  resemble  this.  Fig. 
95  is  also  shouldered,  but  without  a  groove,  and  is  made  of  horn- 
blendic  gneiss.  It  is  two  and  one  half  long  by  one  and  one  eighth 
inches  wide.  Fig.  96  is  of  greenstone,  has  a  square  head,  and  is 
generally  angular,  with  but  slight  curves.  It  is  three  inches  long  by 
one  and  three  eighths  wide. 

Fig.  133  is  of  brown  sandstone  pyriform,  and  with  a  deep  groove. 
It  is  two  and  five  sixteenths  inches  long  by  one  and  three  eighths 
broad.  Fig.  134  has  no  groove,  but  one  has  been  commenced.  It  is 
of  quartz  and  four-sided,  but  with  the  angles  rounded.  It  is  two  and 
one  half  inches  long  and  one  and  one  quarter  broad.  Fig.  216  is 
reduced  in  the  illustration,  and  is  of  a  flattened  and  angular  green 
basalt,  one  and  thirteen  sixteenths  inches  long  by  one  inch  thick. 

A  faceted  greenstone,  two  and  three  fourths  by  one  and  one 
fourth  inches,  has  a  small  projection  above  the  groove  at  the  top. 
A  few  are  very  slender.  One  of  polished  brown  slate  from  Catskill 
is  of  this  kind.  The  outline  is  a  long  pointed  ellipse.  It  is  three 
and  seven  eighths  long  by  seven  eighths  of  an  inch  in  diameter. 
Not  unlike  this,  but  with  rounded  ends  is  one  of  grey  sandstone, 
from  Brewerton,  It  is  also  less  slender,  being  three  and  three 
quarters  by  one  and  one  eighth  inches.  Many  are  ovoid  and 
grooved,  but  angular  forms  are  common.  One  of  these,  from  the 
Onondaga  Reservation,  is  eight-sided,  the  alternate  faces  being 
wide  and  narrow.     It  is  of  light  brown  sandstone,  three  by  one  and 
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one  eighth  inches.  One  of  green  talc,  two  and  three  fourths  by  one 
and  one  half  inches,  has  many  facets.  This  also  is  from  Brewerton. 
Angular  forms  are  often  thickest  in  the  center.  Quite  a  propor- 
tion have  a  cross  groove  over  the  end  above  the  circular  notch. 
A  very  irregular  one  of  sandstone  has  about  thirty  facets,  but  this 
is  unusual,  and  such  a  feature  may  be  only  preparatory  to  a  finer 
finish. 


Though  the  name  of  sinew  stones  may  not  exactly  express  the 
use  of  a  familiar  class  of  articles,  it  yet  answers  a  purpose,  the 
grooves  being  supposed  to  come  from  drawing  sinews  across  the 
stone.  The  best  examples  are  thus  of  rather  soft  sandstone,  easily 
worn.  The  theory  imagines  this  operation  for  making  an  even 
bow-string,  not  an  unlikely  thing.  Dr.  Abbott  described  one  of 
these  stones,  and  said  they  had  never  been  figured  before.  They  are 
not  common,  and  yet  have  a  wide  distribution. 

Fig.  86  is  unusually  fine,  having  many  of  these  grooves  deeply 
impressed  in  this  brown  sandstone  pebble,  and  the  other  side  is 
like  the  one  shown.  This  is  from  Binghamton,  and  three  and  seven 
eighths  inches  long,  which  is  about  the  usual  size.  A  larger  one 
from  Oneida  Lake,  has  grooves  and  notches,  and  is  five  and  one 
half  by  two  inches.  Another,  from  Cayuga  Lake,  is  almost  tri- 
angular, and  has  deep  grooves  all  around.  This  is  three  and  one 
half  by  two  and  one  quarter  inches.  A  brown  sandstone  pebble 
from  Seneca  County,  three  and  one  half  by  two  and  three  quarters 
inches,  has  grooves  only  at  one  end.  These,  of  course,  increase  in 
number  and  depth  through  use.  One,  from  Onondaga  Lake,  has 
deep  grooves,  and  is  three  and  one  half  inches  long.  One  of  grey 
sandstone,  from  Schoharie  County,  has  similar  grooves,  and  is  four 
and  one  fourth  inches  in  length.  A  much  larger  one  of  grey  sand- 
stone, from  Oswego  Falls,  has  but  slight  grooves,  being  a  hard 
stone.  Several  come  from  Brewerton,  but  this  enumeration  will 
show  their  distribution  and  leading  features.  The  drawing  of  thread 
through  beeswax  will  illustrate  their  appearance  and  possible  mode 
of  formation.  The  general  form,  of  course,  will  be  that  of  the 
pebble,  and  the  marks  will  vary  with  use. 
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RTONB  FDPBS 

Both  clay  and  stone  pipes  are  rare  in  New  Jersey,  and  these  are 
inferior  to  those  of  New  York,  where  so  many  of  the  finest  ex- 
amples of  both  are  found.  Equally  fine  are  those  of  Canada,  where 
they  are  common.  At  first  the  Iroquois  made  clay  pipes  only, 
but  afterwards  used  European  tools  on  those  of  stone.  The  early 
and  recent  pipes  are  easily  distinguished  as  a  rule,  but  space  will 
not  allow  a  discussion  of  this,  although  a  few  early  notes  may  be 
given. 

In  describing  the  Indians  of  New  England  in  1643,  Roger  Wil- 
liams said,  '  Sometimes  they  make  such  great  pipes,  both  of  wood 
and  stone,  that  they  are  too  foot  long,  with  men  and  beasts  carved, 
so  big  or  massie,  that  a  man  may  be  hurt  mortally  by  one  of  them, 
but  these  commonly  come  from  the  Mauguawogs,  or  the  men  eaters, 
three  or  four  hundred  miles  from  us.  They  have  an  excellent  art 
to  cast  their  pewter  and  brasse  into  very  neat  and  artificial  pipes ', 
These  pewter,  brass  and  iron  pipes  are  still  sometimes  found,  but 
the  Mohawks  made  pipes  of  clay  at  the  time  to  which  he  refers. 

In  the  Jesuit  Relation  of  1653,  is  the  account  of  a  conference 
between  a  New  England  nation  and  the  French-  The  ambassador 
'seats  himself  in  the  midst  of  the  place;  he  takes  two  great  petunoirs, 
made  of  a  green  stone,  beautiful  and  highly  polished,  a  cubit  long. 
Tliis  was  the  fifth  present.  He  fills  one  of  them  with  tobacco, 
puts  fire  to  it,  and  sucks  or  draws  the  smoke  out  of  it  very  gravely. 
All  the  assembly  watched  him,  not  knowing  what  he  meant.  After 
having  well  smoked  at  his  ease ;  "  My  brother,"  said  he  "  these  two 
pipes,  or  these  two  petunoirs,  are  yours;  it  is  necessary  henceforth 
that  we  have  but  one  breath  and  one  respiration,  since  we  now  have 
but  one  soul".'  These  petunoirs  may  have  been  stone  tubes,  pipes 
sometimes  taking  this  form,  as  they  did  in  California,  nor  are  straight 
pipes  unknown  here. 

In  his  account  of  the  southern  Indians,  Adair  said,  '  They  make 
beautiful  stone  pipes;  and  the  Cheerake  the  best  of  any  of  the  In- 
dians, for  their  mountainous  country  contains  many  different  sorts 
and  colors  of  soils  proper  for  such  uses.  They  easily  form  them 
with  their  knives;  the  pipes  being  of  a  very  soft  quality  till  they  are 
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smoked  in  and  used  to  fire,  when  they  become  quite  hard.  They  are 
often  a  full  span  long,  and  the  bowls  are  about  half  as  large  again 
as  those  of  our  English  pipes.  The  forepart  of  each  commonly 
runs  out  with  a  sharp  peak,  two  ih*  three  fingers  broad,  and  a  quar- 
ter of  an  inch  thick.  On  both  sides  of  the  bowl  they  cut  several 
pictures,  with  a  great  deal  of  skill  and  labor.' 

In  his  early  account  of  the  Nairagansetts,  Wood  says,  '  From 
hence  other  tribes  have  their  great  stone  pipes,  which  will  hold  a 
quarter  of  an  ounce  of  tobacco,  which  they  make  with  steel  drills 
and  other  instruments ;  such  is  their  ingenuity  and  dexterity  that  they 
can  imitate  the  English  mold  so  accurately  that  were  it  not  for 
matter  and  color  it  were  hard  to  distinguish  them ;  they  make  these 
of  green,  and  sometimes  of  black  stone.' 

Capt.  John  Smith  described  the  stone  pipes,  apparently,  of  the 
Sasquesahanocks,  although  they  were  of  the  Huron  Iroquois  family, 
which  then  used  mainly  clay  pipes.  In  describing  one  of  these 
gigantic  men,  he  spoke  of  '  his  tobacco  pipe,  three  quarters  of  a 
yard  long,  prettily  carved  with  a  bird  or  beare,  a  deare  or  some  such 
device  at  the  great  end,  sufficient  to  beat  out  the  brains  of  a  man.' 

In  1756  Sir  William  Johnson  presented  a  great  calumet  to  the 
Six  Nations,  and  said, '  Take  this  pipe  to  your  great  council  chamber 
at  Onondaga.  Let  it  hang  there  in  view,  and  should  you  be  waver- 
ing in  your  minds  at  any  time,  take  and  smoke  out  of  it,  and  think 
of  my  advice  given  with  it,  and  you  will  recover  and  think  properly.' 
Gives  the  largest  pipe  in  America,  made  on  purpose.  They  re- 
plied, '  We  assure  you  we  shall  hang  it  up  in  our  council  chamber, 
and  make  proper  use  of  it  upon  all  occasions.'  This  great  pipe  was 
used  at  the  conference  with  Pontiac  at  Oswego,  in  July,  1766. 
Pontiac's  pipe  was  lighted  and  handed  around,  and  afterwards  '  the 
Onondaga  speaker  lighted  a  calumet  of  peace,  which  Sir  William 
left  in  their  hands  many  years  ago,  for  their  use,  and  handed  it  about 
to  the  western  Indians.'  This  probably  disappeared  in  the  Revolu- 
tionary war. 

In  his  account  of  the  conference  between  De  la  Barre  and  the 
Onondagas  in  1684,  La  Hontan  described  the  pipe  of  peace,  and 
perhaps  had  in  mind  the  one  then  used.     The  council  assembled, 
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and  he  g:ives  a  plan  of  this.  '  The  Grangula  sat  on  the  east  side, 
being  placed  at  the  head  of  his  men,  with  his  pipe  in  his  mouth,  and 
the  great  calumet  of  peace  before  him.'  Then  follows  an  account 
of  the  official  pipe.  '  The  calumet  or  pipe,  is  made  of  certain  stones, 
or  of  marble,  whether  red,  black  or  white.  The  pipe  or  stalk  is  four 
or  five  feet  long;  the  body  of  the  calumet  is  eight  inches  long;  and 
the  mouth  or  head,  in  which  the  tobacco  is  lodged,  is  three  inches  in 
length ;  its  figure  approaches  that  of  a  hammer.  The  red  calumets 
are  most  esteemed.  The  calumet  is  trimmed  with  yellow,  white  and 
green  feathers.'  He  gave  a  small  figure,  both  of  the  pipe  and 
speaker,  but  little  can  be  gathered  from  them.  His  description  is 
general,  and  as  he  afterwards  traveled  in  the  West,  it  may  have  been 
made  from  western  pipes.  About  this  time,  however,  the  red  pipe- 
stone  came  into  New  York. 

Mr.  Douglass'  collection  has  43  New  York  pipes  in  a  total  of  375, 
but  it  is  evident  that  they  once  existed  here  in  great  numbers.  Be- 
sides those  made  by  the  Indians  large  quantities  of  pipe  clay  pipes 
were  distributed  at  councils  and  treaties  by  the  English,  and  these 
antique  articles  are  frequent  on  the  more  recent  sites.  Certain 
forms  of  stone  pipes  are  found  throughout  the  Northern  States, 
made  within  the  last  two  centuries,  and  those  of  pipestone  are  con- 
fessedly modern.  At  present  a  very  simple  article  suffices  for  the 
Indian's  need  in  New  York. 

Fig.  97  is  a  remarkable  pipe  of  black  soapstone,  with  inlaid  eyes 
of  hollow  bone.  This  fine  pipe  was  found  in  a  grave  on  the  Seneca 
River,  and  with  it  were  European  articles.  The  handle  beneath  is 
a  characteristic  of  part  of  the  pipes  of  the  historic  period,  and  ap- 
pears in  much  simpler  forms.  When  this  is  found  the  age  may  be 
thus  determined  in  a  general  way.  The  bowl  is  capacious,  and  the 
face  very  fine  and  expressive.  This  is  turned  away  from  the 
smoker,  another  feature  of  the  later  pipes,  whether  of  clay  or  stone. 
It  is  four  and  one' half  inches  high.  A  head-dress  slightly  appears, 
but  not  such  as  might  have  been  expected. 

Fig,  98  is  of  yellow  sandstone,  and  was  found  in  Cayuga  county. 
The  form  of  the  bowl  is  both  early  and  recent,  and  has  animals  in 
relief  on  the  sides.     It  is  one  and  seven  eighths  inches  high.     Fig. 
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99  is  a  short  platform  pipe,  the  bowl  being  much  narrower  the 
Other  way.  Many  oE  these  platform  pipes  are  of  recent  date,  the  ear- 
lier ones  often  having  a  curving  base.  This  is  from  Onondaga 
Lake,  and  is  one  and  seven  eighths  inches  long  by  one  and  one 
fourth  deep. 

Fig.  100  is  a  black  marble  pipe  from  Jamesville,  near  the  site 
where  the  Onondaga  fort  was  burned  in  1696.  The  situation,  how- 
ever, does  not  necessarily  indicate  its  age,  nor  have  we  any  certain 
guide  to  this.  All  examples  of  this  form  have  the  figure  or  face, 
where  there  is  either,  toward  the  smoker,  which  was  an  early  fash- 
ion; otherwise  the  pipe  would  seem  recent.  This  has  a  full  length 
of  a  man,  rudely  carved,  on  the  back  of  the  bowl,  and  the  zigzag 
ornament  at  the  top  has  a  modern  look.  The  lines  enclosing  the 
figure,  and  the  raised  rim  above  it,  appear  in  clay  pipes  made  three 
centuries  ago.  and  this  is  probably  one  of  the  earliest  pipes  made  for 
or  bv  the  Iroquois  with  metallic  tools.  The  extreme  length  is  four 
and  three  fourths  inches,  about  the  average  size  of  this  form,  which 
frequently  occurs.  There  is,  however,  an  Indian  pipe,  resembling 
this  form  but  without  the  elevated  projection  and  figure,  which 
belonged  to  Tim  Murphy,  the  noted  rifleman  and  ranger  of  the 
Revolution,  and  which  has  his  initials  upon  it.  It  is  a  little  more 
angular,  and  is  three  and  one  fourth  inches  long  by  one  and  one 
fourth  high.  This  is  not  far  from  the  dimensions  of  some  of  these. 
These  things  suggest  a  modem  date,  strengthened  by  the  localities 
where  most  of  such  pipes  have  been  found. 

One  of  these  of  a  burnt  sienna  color,  with  a  face  on  the  back  and 
a  moulding  at  the  top,  has  the  same  general  character.  It  is  from 
Baldwinsville,  and  is  two  and  three  quarters  inches  long.  One  of 
soapstone,  four  inches  long,  has  an  elevation  like  the  Jamesville 
pipe,  and  is  from  the  Oneida  River.  Another  of  the  same  character, 
from  the  Seneca  river,  is  of  white  marble,  and  the  extreme  length  is 
three  and  three  fourths  inches.  Another  with  a  human  figure  on 
the  back  is  from  Schodack.  It  is  of  yellow  soapstone,  and  is  larger 
than  most  of  this  kind.  A  white  one  from  Root,  Montgomery 
County,  has  a  human  figure,  and  is  three  and  three  fourths  inches 
long.     Two.  with  human  faces  and  figures,  come  from  Jefferson 
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County.     Others  might  be  described,  and  among*  these,  those  with 
two  raised  heads. 

Fig.  loi  is  of  white  marble,  and  has  the  short  stem  nearly  at  a 
right  angle  with  the  bowl.  The  angles  and  bowl  are  rounded,  and 
the  latter  is  chiseled  within.  This  is  from  Wayne  County,  and  is 
two  and  three  eighths  inches  high.  Fig.  102  is  a  stemless  pipe  bowl 
of  dark  soapstone,  one  and  seven  eighths  inches  high.  It  is  curved 
and  polished,  and  the  rim  has  deep  curves  between  the  two  raised 
points.     It  is  a  rare  form,  and  comes  from  the  Seneca  River, 

Fig.  .103  is  a  bird  pipe  of  dark  green  slate,  from  the  Oneida  River. 
It  is  moderately  thick,  and  there  is  a  perforated  projection  in  front, 
to  which  ornaments  may  have  been  attached.  It  has  wings  and 
feathers,  a  cockscomb,  and  an  engraved  collar  or  necklace,  as  well 
as  a  thick  open  bill.  The  form  and  work  are  modem.  One  much 
like  this,  but  ruder,  is  in  the  Canadian  collection  at  Toronto.  TTiis 
has  a  simpler  crest,  thicker  bill,  and  less  detail  than  the  New  York 
pipe,  and  is  but  four  and  one  fourth  inches  high,  while  the  former 
is  seven  and  one  half  inches. 

Fig.  104  is  a  flat  turtle  pipe  of  yellowish  grey  stone  from  the 
Oswego  River.  It  is  two  and  one  half  by  two  and  one  fourth  inches 
across,  and  but  seven  eighths  of  an  inch  high.  This  form  occurs 
elsewhere,  both  in  New  York  and  Canada,  and  might  be  called  a 
platform  pipe.  Fig.  105  is  a  very  rude  and  low  soapstone  platform 
pipe,  from  the  east  end  of  Oneida  Lake.  It  is  one  and  three  quar- 
ters by  one  and  one  half  inches.  Fig.  106  is  a  black  marble  pipe 
from  the  Seneca  River.  It  is  perfectly  plain,  but  otherwise  much 
like  some  already  described.  From  tip  to  tip  it  is  three  and  three 
eighths  inches. 

Fig.  107  is  almost  globular,  and  of  grey  quartzite.  There  is  a 
groove  around  the  center,  and  radiating  cuts  at  the  top.  The  height 
is  two  and  one  quarter  inches,  and  it  comes  from  Van  Buren.  Fig. 
108  is  a  small  black  and  broken  pipe  from  CanandaJgua,  much  con- 
tracted between  the  low  bowl  and  swollen  base.  It  is  not  quite  one 
and  one  half  inches  high,  and  is  from  a  recent  site.  It  seems  an  imi- 
tation of  some  European  forms.  Fig.  109  is  a  long  platform  pipe, 
perhaps  made  by  the  Cherokees.     The  platform  is  perforated  at  the 
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extreme  front,  and  the  bowl  is  angular.  It  is  fiYC  and  one  eighth 
inches  long  and  two  and  one  quarter  high,  and  comes  from  the  east 
end  of  Oneida  Lake.  Fig.  no  resembles  modem  western  forms, 
but  is  of  grey  stone.  It  tapers  to  a  curving  point  in  front,  and  is 
three  and  one  half  long  by  two  inches  high. 

Fig.  Ill  is  a  double  stone  pipe,  found  near  Nichols  Pond  in 
Madison  County,  but  probably  having  no  relations  to  it.  It  is 
formed  like  a  keg,  with  a  bowl  at  each  end,  and  stem  holes  sloping 
diflferent  ways.  It  is  of  brown  sandstone,  two  inches  high  by  one 
and  three  fourths  thick.  Fig.  1 12  is  of  sienna  colored  marble,  el- 
liptic in  longitudinal  section,  contracted  and  grooved  a  third  of  the 
way  from  the  top.  The  base  has  a  projection  with  a  perforation. 
Height  two  and  one  quarter  inches.  It  is  a  recent  form,  and  comes 
from  Brewerton.  A  similar  one,  contracted  but  not  grooved,  comes 
from  Cross  Lake.  It  has  a  large  orifice,  a  basal  perforatron,  and  is 
two  and  three  fourths  inches  high. 

Fig.  113  is  a  double  faced  bird  pipe,  two  and  one  half  inches 
deep,  from  Monroe  County.  It  is  a  recent  form,  with  basal  fluting 
and  projection.  Fig.  114  is  a  dark  stone  pipe  from  Fompey.  Like 
all  with  tills  platform  and  basal  projection,  it  is  a  recent  f^m.  The 
height  is  three  and  one  half  inches.  Fig.  115  is  a  very  different 
style  of  platform  pipe,  from  the  Seneca  River.  The  extreme  length 
is  three  and  three  fourths  inches,  and  the  stem  h(^e  is  at  the  short 
end.     It  is  quite  thin,  and  is  made  of  a  crystalline  stone. 

Fig.  116  is  from  the  Seneca  Castle  of  1779  at  Geneva,  and  is 
sometimes  called  the  bottle  stopper  pattern.  It  has  a  pointed  and 
perforated  base,  and  is  two  and  three  fourths  high  by  one  and  one 
fourth  inches  thick.  It  is  a  recent  form,  of  course.  Another  much 
like  it,  comes  from  the  same  place.  Another  is  from  Canoga,  the 
birth  place  of  Red  Jacket,  and  is  a  little  smaller.  Another  is  from 
Onondaga  Lake,  and  many  more  might  be  mentioned,  all  with 
perforated  bases,  which  is  a  modern  feature.  It  is  one  of  the  most 
frequent  and  recent  of  our  stone  pipes. 

Fig.  117  is  another  bird  pipe,  similar  to  Fig,  103,  and  a  rare  form. 
It  seems  to  have  been  made  by  the  same  hand,  and  was  found  on 
the  Seneca  River.    The  same  style  of  work  ^)pears  in  some  Ohio 
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pipes,  and  in  one  figured  by  Dr.  Rau  from  New  York.  This  pipe 
is  of  green  slate,  and  not  thick,  and  has  a  perforated  projection  in 
front,  as  well  as  lines  and  grooves  for  feathers.  The  extreme  length 
is  three  and  three  fourths  inches. 

Fig.  ii8  is  a  steatite  pipe  with  a  projecting  rim  on  either  side  ot 
the  stem.  The  same  form  occurs  in  clay  in  Cayuga,  where  this 
feature  is  quite  common  on  clay  pipes  of  various  forms.  This  was 
found  with  these,  and  is  a  rare  form  in  any  material.  Except  for  the 
flanges  it  is  a  tapering  cylinder,  slightly  bent  It  is  three  and  three 
quarters  long  by  one  inch  in  diameter  at  the  top  of  the  bowl. 

Fig.  119  is  an  ovoid  pipe  from  Onondaga,  made  of  greylimestone, 
and  two  inches  high.  The  form  is  rather  rare  in  New  York,  and 
may  be  called  a  southern  form.  Fig.  120  is  a  slender  black  pipe 
from  Seneca  Falls,  two  and  three  fourths  inches  long,  and  having 
the  stem  at  a  very  broad  angle  with  the  bowl.  Fig,  151  is  a  straight 
and  somewiiat  flattened  pipe  of  dark  green  soapstone.  Though 
others  approach  this  it  may  be  considered  unique.  It  is  from 
Brewerton,  and  is  three  inches  long,  by  one  and  one  eighth  thick. 
Fig.  152  is  similar  but  not  so  straight,  and  has  flanges  on  each 
side  below  the  bowl,  which  is  more  distinct  than  in  the  last.  It 
belongs  to  the  Onondaga  Historical  Association,  and  probably  is 
from  that  county.  It  is  of  green  sandstone,  and  is  three  and  three 
quarters  inches  long.  Such  straight  pipes  are  everywhere  rare. 
Another  of  green  soapstone  comes  from  the  east  shore  of  Cayuga 
Lake,  and  this  has  a  narrow  projection  on  one  side  below  the  bowl. 

Fig.  153  is  a  common  form  in  clay,  but  rare  in  stone,  being  often 
called  the  trumpet  form.  It  has  a  curved  stem,  broadening  into 
the  circular  bowl,  and  the  latter  has  moldings  and  beaded  grooves. 
It  is  three  and  five  eighths  inches  long,  and  was  found  west  of 
Cross  Lake.     Its  interest  is  in  the  material. 

Platform  pipes  sometimes  have  a  slight  ornamentation  of  a  sim- 
ple kind.  A  fine  one  from  Cross  Lake  has  an  oblong  bowl  at  one 
end.  and  lines  on  the  top  of  the  platform.  The  stem  hole,  as  in 
some  other  cases,  is  at  the  short  end  of  the  platform,  leaving  the 
longer  projection  beyond  the  bow!.  The  height  is  one  and  seven 
eighths  inches.     One  of  brown  marble  has  moldings  around  the 
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top,  and  a  zigzag  ornament  on  the  narrow  edge  of  the  stem.  The 
platform  of  this  comes  to  a  point  at  the  short  end.  The  height  is 
two  and  one  eighth  inches.  Another  of  soapstone  from  the  east 
end  of  Oneida  Lake,  has  the  bowl  close  to  the  end  of  the  long 
platform.  It  is  three  and  one  half  long  by  one  and  one  half  inches 
high.  There  are  many  varieties  of  the  platform  pipe,  and  they  reach 
the  Hudson  at  least. 

One  simple  but  graceful  pipe  is  from  Jefferson  County,  and  bears 
some  resemblance  to  some  before  figured,  but  is  more  slender.  It 
contracts  below  the  top  of  the  circular  bowl,  and  then  gradually 
expands  toward  the  rounded  base.  It  is  less  than  two  inches  high. 
Most  of  the  stone  pipes  from  that  county  are  recent  forms,  the  early 
inhabitants,  probably  the  ancestors  of  the  Onondagas,  having  used 
those  of  clay.  Of  these  there  are  fine  examples.  One  curious  pipe 
of  mottled  green  soapstone,  comes  from  that  county.  The  raised 
end  of  the  bowl,  which  is  at  the  back  as  usual  in  this  form,  is  divided 
into  two  broad  horns,  on  each  of  which  is  a  human  face  of  modern 
type.  It  was  probably  made  in  the  seventeenth  century.  Each 
projection  is  divided  into  two  concentric  horns  above  the  face,  ter- 
minating in  a  point.     In  these  respects  it  is  unique. 


Five  classes  of  tubes  are  enumerated  by  Mr.  Fowke,  in  the  Re- 
ports of  the  Bureau  of  Ethnology,  four  of  which  are  represented  in 
New  York.  To  these  may  be  added  here  those  with  four  flattened 
sides,  which  do  not  essentially  differ  from  the  cylindric  forms;  and 
those  with  an  expanding  end,  generally  almost  closed.  The  use 
of  all  these  articles  is  conjectural,  and  may  not  have  been  always 
the  same.  One  well  supported  theory  is  that  they  were  used  in 
sucking  blood  when  bleeding  was  resorted  to.  or  in  injecting  the 
smoke  of  medicinal  plants.  In  Cahfornia  they  have  bone  mouth 
pieces,  and  are  usually  classed  as  pipes.  Schoolcraft  gave  the  first 
account  of  these  in  1843,  and  those  he  examined  from  a  Grave 
Creek  mound  are  like  those  found  in  New  York  and  on  the  east 
shore  of  Lake  Champlain,  His  account  is  not  readily  accessible, 
and  may  therefore  be  quoted. 
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'  Several  polished  tubes  of  stone  have  been  found  in  one  of  the 
lesser  mounds,  the  use  of  which  is  not  apparent.  One  of  these,  now 
on  my  table,  is  12  inches  long,  one  and  one  fourth  wide  at  one  end, 
and  one  and  one  half  at  the  other.  It  is  made  of  a  compact  lead 
blue  steatite,  mottled,  and  has  been  constructed  by  boring,  in  the 
manner  of  a  gun  barrel.  This  boring  is  continued  to  within  about 
three  eighths  of  an  inch  of  the  larger  end,  through  which  but  a  small 
aperture  is  left.  If  this  small  aperture  be  looked  through,  objects 
at  a  distance  are  more  clearly  seen.  Whether  it  had  this  telescopic 
use  or  others,  the  degree  of  art  evinced  in  its  construction  is  far 
from  rude.  By  inserting  a  wooden  rod  and  valve  this  tube  would 
be  converted  into  a  powerful  siphon  or  syringe.' 

For  a  time  these  were  called  telescopic  tubes,  and  it  will  be  ob- 
served that  the  description  is  like  that  of  those  found  at  Otisco  Lake, 
Palatine  Bridge  and  Lake  Champlain,  which  differ  much  from  the 
ordinary  stone  tubes.  Those  found  on  the  cast  shore  of  Lake 
Champlain,  by  Prof.  George  H.  Perkins,  were  from  seven  to  13 
inches  long,  the  perforation  being  about  an  inch  in  general 
diameter,  contracting  to  half  an  inch  at  one  end,  which  had  a  small 
perforation,  closed  by  a  stone  pli^.  Others  have  been  found  on 
that  lake,  but  these  plugs  are  not  elsewhere  reported. 

The  material  of  tubes  in  general  is  soft,  and  often  ornamental. 
Some  are  gouged  out,  and  some  drilled,  and  the  outline  varies 
greatly.  The  long  ones,  with  one  end  expanded,  and  ft-itb  a 
small  central  perforation  in  this,  connecting  it  with  the  usually  uni- 
form perforation  just  within,  are  of  quite  soft  material.  Those  from 
Otisco  Lake  were  either  filled  or  in  contact  with  red  paint.  This 
class  of  tubes  embraces  those  much  longer  than  the  ordinary  forms, 
and  they  are  more  slender  than  the  long  ones  of  California.  Some 
forms  are  drilled  from  both  ends,  and  this  may  be  the  case  with  the 
larger  part.  Tliey  do  not  seem  to  reach  the  Atlantic  coast,  but  one 
of  oolitic  limestone  was  found  at  Deming's  Point,  Dutchess  County, 
which  was  broken  at  one  end.  It  is  now  five  and  three  fourths 
inches  long,  an  inch  in  diameter  at  the  perfect  end,  and  one  and 
one  eighth  at  the  other. 

While  it  is  conceded  that  the  California  tubes  were  pipes,  their 
use  in  the  East  is  not  yet  determined.  They  were  made  and  used 
by  early  nations,  not  the  later  comers,  probably,  among  whom,  how* 
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ever,  bone  tubes  may  have  supplied  their  place.  Small  bone  tubes 
are  found  on  Iroquois  sites,  but  may  have  been  used  for  ornaments. 
Among  the  Onondagas  long  tubular  bone  or  cane  whistles  were 
employed  in  medicine  making,  even  within  a  few  years. 

Fig.  122  is  a  tube  of  dark  green  striped  slate,  generally  rectangu- 
lar in  section,  but  with  the  broader  sides  somewhat  convex  and  the 
narrower  concave.  It  comes  from  the  Oswego  River,  and  is  of  a 
slightly  tapering  form.  The  perforation  is  usually  smaller  at  one 
end  than  the  other,  and  in  this  case  is  three  eighths  by  nine  six- 
teenths of  an  inch.  It  is  three  and  one  half  long  by  one  and  one 
fourth  inches  wide. 

Fig.  123  is  a  cylindric  tube  of  grey  striped  slate  from  Camillus, 
five  and  five  eighths  inches  long  by  one  inch  in  diameter.  This  is 
the  usual  form.  Fig.  124  is  of  light  olive  green  slate,  a  little  over 
three  and  one  fourth  inches  long,  and  comes  from  the  town  of 
Van  Buren.  The  orifice  is  half  an  inch  at  one  end,  and  five  eighths 
of  an  inch  in  diameter  at  the  other.  It  is  not  quite  elliptic  in  sec- 
tion, being  flattened  on  one  side.  This  was  found  in  1846,  and  is 
a  rare  form.  Fig.  125  is  a  cylindric,  tapering  tube,  of  a  very  beau- 
tiful striped  green  slate,  with  interrupted  bands.  It  is  seven  inches 
long,  and  was  found  in  Palermo,  Oswego  County.  It  is  thickest 
toward  one  end. 

Fig.  128  is  a  long  sandstone  tube,  apparently,  but  Mr.  S.  L.  Frey 
thought  it  might  be  steatite  on  microscopic  examination.  It  is  one 
of  several  found  in  graves  at  Palatine  Bridge.  The  orifice  at  the 
small  end  is  over  five  eighths  of  an  inch  wide,  and  the  diameter  of 
the  tube  there  is  one  inch.  The  general  diameter  is  afiout  one  and 
one  eighth  inches,  and  the  length  nine  and  one  half,  being  reduced 
in  the  illustration.  The  perforation  is  quite  uniform  until  near  the 
broad  end,  where  the  outside  of  the  tube  suddenly  expands,  and  has 
a  small  central  perforation  in  the  end.  Another  is  longer.  A  simi- 
lar one,  belonging  to  Mr.  A.  G.  Richmond,  is  10  inches  long,  but 
a  little  narrower  than  the  one  described.  It  was  found  in  the  same 
cemetery.  The  graves  were  quite  remarkable,  and  contained  other 
relics.  Fig.  129  is  one  of  a  different  form,  found  at  the  same  place, 
but  not  in  the  same  grave.     The  outline  is  undulating,  much  like 
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some  wooden  handles,  and  the  perforation  gradually  contracts, 
showing  an  important  difference  in  the  mode  of  drilling.  The  size 
is  four  and  one  half  long  by  one  and  one  fourth  inches  in  diameter. 
The  illustration  is  reduced. 

Fig.  130  is  a  large. and  angular  tube  of  soapstone,  much  curved, 
and  with  a  raised  band  in  the  central  part.  It  is  eight  and  one  half 
inches  long,  and  is  from  Allegany  County.  The  same  form  occurs 
in  Tennessee,  but  is  rare. 

Three  of  a  greenish  white  and  soft  slate  were  found  in  a  grave  by 
Otisco  Lake  some  years  since.  They  are  in  fragments,  all  of  which 
were  not  saved,  and  are  of  the  same  general  character  as  the  first 
described  from  Palatine  Bridge.  The  expanded  end  is  one  and 
three  eighths  inches  in  diameter,  and  the  general  thickness  is  one 
and  one  eighth  inches,  thus  closely  corresponding  in  size.  Full 
accounts  of  those  at  Palatine  Bridge  and  Swanton  have  been  pub* 
lished'in  the  American  Nattiralist,  and  some  particulars  regarding 
the  Otisco  tubes  may  be  of  interest.  They  were  unearthed  many 
years  ago,  in  digging  foundations  for  a  barn  on  the  east  side  of 
Otisco  Lake,  and  were  thrown  into  a  soap  box  with  other  things, 
some  of  which  were  taken  away  from  time  to  time.  Two  skeletons 
lay  side  by  side  with  them,  well  preserved;  also  arrow  points,  and 
lumps  of  red  and  white  paint.  They  were  about  two  feet  under 
ground,  and  the  skeletons  had  their  heads  to  the  west.  Among  the 
fragments  left  are  two  perforated  end  pieces,  and  the  size  of  other 
pieces  indicates  at  least  three  tubes.  Being  broken  the  circular 
lines  of  the  boring  within  are  plainly  seen,  and  the  perforation 
rapidly  contracts  near  the  small  hole  by  a  series  of  four  or  five  cir- 
cular ridges.  Some  of  the  fragments  are  stained  within  and  without 
with  red  paint,  but  probably  did  not  contain  this.  The  graves  were 
on  Mr.  Van  Benthuysen's  farm  north  of  Amber. 

One  of  reddish  grey  sandstone,  found  east  of  the  Seneca  River  in 
1841,  and  therefore  one  of  the  earliest  brought  to  light,  was  described 
by  the  owner  as  a  stone  faucet,  which  it  resembles.  It  is  tapering, 
and  thickest  near  the  center.  The  length  is  six  and  one  eighth 
inches,  and  the  diameter  one  and  one  half  in  the  thickest  part.  The 
orifice  is  three  fourths  and  five  eighths  of  an  inch. 
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Occasionally  one  is  found  unfinished,  like  a  regularly  cylindric 
one  from  Jefferson  County,  which  is  six  and  three  fourths  inches 
long,  and  not  polished.  The  hole  is  one  and  three  fourths  inches 
deep,  and  seems  to  have  been  drilled  with  flint,  as  it  tapers  to  a  point. 
A  cylindric  one  of  striped  olive  slate  is  from  Onondaga,  and  is 
eight  and  three  eighths  long  by  one  and  one  eighth  inches  thick. 
Another  of  green  striped  slate  is  from  Cayuga  County,  one  side 
being  flat  and  the  rest  convex.  The  orifice  is  unusually  small;  not 
over  a  quarter  of  an  inch.  It  is  three  inches  long  by  one  and  one 
half  thick.  A  curved  tube  conies  from  Chaumont,  and  is  three  and 
one  half  long  by  one  and  one  fourth  inches  broad.  Other  tubes 
have  also  been  found  in  Jefferson  County. 

One  from  Saratoga  is  three  and  one  half  by  two  and  one  half 
inches,  an  unusual  proportion  here.  A  cylindric  one  of  striped 
slate  from  Brewcrton,  is  four  and  three  fourths  by  one  and  one 
half  inches.  A  very  long  one  of  green  striped  slate,  from  near 
Albany,  is  1 1  inches  long,  if  correctly  repca"tcd.  This  would  be  an 
unusual  size  in  this  material. 

Some  tubes  are  very  small,  and  a  cyhndric  one  of  striped  olive 
slate,  from  Seneca  Lake  is  two  and  one  half  inche»by  less  than  one. 
An  unfinished  tube  from  Cross  Lake  is  four  by  one  and  five  eighths 
inches.  The  boring  is  uniform  to  the  depth  of  one  and  five  eighths 
inches,  showing  circular  grooves.     It  is  of  picked  greenstone. 

Out  of  73  tubes  Mr,  Douglass  had  none  from  New  York, 


BAYONBIT   t 

For  want  of  a  better  this  term  is  appHed  to  a  small  class  of  rare 
implements,  probably  of  a  ceremonial  kind.  Very  few  have  been 
found.  They  are  slender,  and  nearly  or  quite  parallel  sided  and 
triangular  in  section.  One  found  in  Vermont  is  seven  and  one 
eighth  by  one  and  one  eighth  inches,  and  has  no  shouldered  base. 
Another  has  been  found  in  Canada  closely  resembling  this  in  form 
and  size.  Two  others  come  from  Onondaga  County,  and  are 
probably  the  finest  known,  as  they  seem  to  complete  the  list. 

Fig,  131  is  a  very  fine  example  of  this  rare  article,  and  the  largest 
yet  found.     It  is  reduced  for  illustration,  but  is  eight  and  seven 
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eighths  inches  long  by  seven  eighths  of  an  inch  wide.  The  broad 
surface  is  flat,  the  other  two  forming  a  ridge  at  their  junction,  mak- 
ing the  implement  triangular  in  section.  There  is  a  slight  tapering 
toward  the  point,  which  is  formed  by  a  quick  curving  of  the  edges. 
The  base  is  a  little  contracted,  and  depressed  on  the  upper  side, 
with  slight  notches  for  attaching  it  to  a  handle.  The  material  is 
bluish  striped  slate,  and  it  was  found  near  Brewerton  on  the  Oneida 
River, 

I^ig'  132  is  also  reduced,  and  is  of  a  similar  article  a  little  wider 
and  much  shorter;  the  length  being  four  and  seven  eighths  inches. 
The  base  is  shorter  and  more  contracted  than  the  last,  and  the  point 
not  as  quickly  curved.  This  is  also  of  striped  slate.  It  was  found 
near  Brewerton,  and  also  on  low  land. 

The  two  just  described  came  from  low  ground,  and  arc  somewhat 
discolored  in  this  way,  specially  on  one  surface.  They  are  as  finely 
polished  as  other  implements  of  striped  slate,  and  in  excellent  pres- 
ervation. No  signs  of  use  appear  upon  them,  and  they  may  have 
had  little  more  than  an  ornamental  character. 


Bird  and  bar  amulets  are  very  rare  south  of  Ohio,  nor  are  the 
latter  frequent  anywhere.  One  of  the  former  has  been  found  in 
Virginia,  one  in  Pennsylvania,  and  one  in  New  Jersey,  The  latter 
one  has  projecting  ears,  and  is  four  and  one  half  inches  long.  They 
reach  Wisconsin  on  the  west,  and  occur  sparingly  in  New  England. 

The  theories  about  their  use  seem  fanciful,  as  some  certainly  are. 
Two  writers  assert  that  they  were  worn  by  married  or  pregnant 
women  only,  and  many  have  accepted  this  statement.  Others  think 
they  were  worn  by  conjurers,  or  fixed  on  the  prows  of  canoes.  It 
is  enough  to  say  that  some  of  the  perforations  are  not  adapted  to 
any  of  these  uses.  It  seems  better  to  class  them  with  the  war  and 
prey  or  hunting  gods  of  the  Zunis,  some  of  which  they  resemble. 
In  that  case,  the  holes,  of  whatever  kind,  would  have  given  a  firm 
hold  to  th*  thongs  which  bound  the  arrows  to  the  amulet,  a  matter 
of  importance  in  an  irregular  figure. 
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These  perforations  form  the  most  important  feature.  The  amulet 
may  be  but  a  simple  bar,  but  at  each  end  of  the  base  is  a  sloping 
hole,  bored  from  the  end  and  base  and  meeting.  To  this  necessary 
feature  may  be  added  a  simple  head  or  tail,  and  there  may  also  be 
projecting  ears.  None  of  these  are  essential.  They  are  but  appro- 
priate or  tasteful  accessories. 

Two  notable  collections  contain  a  large  number  of  amulets.  In 
the  Canadian  collection  at  Toronto  there  are  about  fifty  bird  amulets 
from  the  province  of  Ontario,  and  many,  of  these  are  much  de- 
pressed. The  longest  is  six  and  three  eighths  inches.  Besides 
these  there  is  a  score  of  bar  amulets,  a  very  much  rarer  form.  The 
longest  is  six  and  one  quarter  inches.  They  are  mostly  of  striped 
slate. 

The  collection  of  Mr.  A.  E.  Douglass  is  larger,  having  70  bird 
amulets;  35  of  which  are  from  Ohio,  and  16  from  New  York.  One 
of  the  latter,  from  near  Auburn,  has  a  turtle-shaped  head.  His  col- 
lection contains  the  unusually  large  number  of  38  bar  amulets,  22  of 
which  are  from  Ohio,  and  but  one  from  New  York.  The, latter 
seem  quite  rare  here,  not  more  than  half  a  dozen  having  come 
before  us.  Bird  amulets  are  much  more  frequent,  upwards  of  50 
having  been  shown  us  in  various  places,  besides  those  mentioned 
above. 

They  were  variable  in  material  as  well  as  form,  although  most 
commonly  made  of  striped  slate.  Perhaps  full  half  have  projecting 
ears,  when  of  the  bird  form.  In  the  wider  forms,  usually  of  harder 
materials,  there  are  often  cross  bars  on  the  under  side,  in  which  the 
perforations  are  made.  Occasionally  these  are  not  entirely  en- 
closed, yet  are  without  signs  of  breakage.  This  seems  to  prove 
that  these  were  not  intended  as  a  means  of  attaching  them  to  any 
larger  object,  on  which  they  would  rest,  but  rather  for  fastening 
articles  upon  them,  as  in  the  Zuni  amulets  already  mentioned,  and 
which  were  illustrated  by  Mr.  Frank  H.  Gushing,  in  the  second  Re- 
port of  the  Bureau  of  Ethnology.  On  comparison  a  general  resem- 
blance to  these  will  be  seen,  and  in  a  few  cases  it  is  quite  striking. 
That  they  were  used  in  this  way,  rather  than  in  those  suggested  by 
others,  is  a  reasonable  conclusion  which  gains  strength  with  fuller 
study. 
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As  a  class  they  belong  to  the  St.  Lawrence  basin  and  the  region 
of  the  grckt  lakes,  but  seem  most  abundant  north  and  south  of  Lake 
Erie.  In  New  York  they  are  most  frequent  for  a  few  miles  south  of 
Lake  Ontario,  specially  near  the  Seneca  River  and  the  larger  lakes 
connected  with  it.  They  are  found  on  Lake  Champlain  also,  sev- 
eral coming  from  the  vicinity  of  Plattsburg.  Two  came  from  Wash- 
ington County,  one  of  which  has  an  expanded  body  and  prominent 
ears,  and  is  made  of  slate.  Usually  this  material  is  confined  to  the 
narrower  forms.  This  one  is  four  inches  long  and  one  and  one  half 
high.  The  other,  of  the  same  material,  is  of  a  diilerent  form,  and 
shorter  and  higher.  The  dimensions  are  three  and  one  half  by  two 
inches. 

Fig.  135  is  a  remarkably  fine  bird  amulet  of  green  striped  slate, 
the  longest  we  have  seen  from  New  York,  but  reduced  in  the  illus- 
tration. It  is  nine  and  seven  eighths  inches  from  tip  to  tip,  and  of 
moderate  height  and  thickness.  It  was  found  at  Dexter,  near  the 
mouth  of  the  Black  River,  and  although  in  three  pieces  was  not 
otherwise  defaced.  The  back  is  sharp,  and  it  has  projecting  ears 
and  a  long  neck.  The  head  ends  squarely.  Another,  from  the 
same  county,  is  also  large,  being  eight  and  five  eighths  inches  long 
by  two  high.     It  has  no  projecting  ears. 

Fig-  136  is  from  Dresden,  on  Seneca  Lake,  and  is  of  green  striped 
slate.  The  ears  are  unusually  small.  It  is  a  fine  article,  and  is 
three  and  one  half  long  by  one  and  one  half  inches  high.  Fig.  137 
is  of  the  same  material,  but  is  much  depressed.  The  sloping  tail 
expands  to  three  inches  in  width.  This  is  from  JefTerson  County, 
and  the  length  is  six  and  one  eighth  inches. 

Fig.  139  is  also  of  green  striped  slate,  from  the  Seneca  River,  and 
is  three  and  one  fourth  inches  in  length.  There  are  no  ears,  but 
along  the  edges  are  91  notches.  This  feature  often  appears,  but 
not  to  this  extent.  Fig.  140  is  of  trap  rock,  and  comes  from  Clinton 
County.  It  is  rude,  depressed,  and  has  small  ears.  The  general 
form  is  quite  straight,  but  the  tail  is  slightly  raised.  It  is  more  sug- 
gestive of  the  Zuni  amulets  than  most  forms.  The  dimensions  are 
six  and  seven  eighths  long  by  one  and  one  halt  inches  high. 

Fig.  141  is  a  broad  form  of  mottled  stone,  three  and  three  eigitths 
long  by  one  and  three  fourths  inches  high.     It  comes  from  Newark 
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Valley,  Tio|^  County.  There  are  small  projecting  ears  and  the  tail 
comes  to  a  point,  as  in  some  others  of  this  general  form  and  ma- 
terial. Two  views  are  given  of  it.  This  form  is  highly  polished, 
and  the  basal  perforations  are  not  always  completely  enclosed. 
They  have  also,  as  a  rule,  a  slight  transverse  ridge,  in  which  the  per- 
foration is  made. 

Fig.  142  is  from  Elbridge,  and  of  green  striped  slate.  It  is  quite 
depressed,  and  the  tail  is  but  one  inch  high,  the  length  being  four 
and  one  half  inches.  The  large  ears  have  but  a  small  projection, 
and  the  general  form  is  narrow.  Fig.  143  is  from  Cayuga  County, 
and  is  of  the  same  material.  It  is  somewhat  depressed,  and  has  a 
very  long  and  pointed  head.  The  dimensions  are  five  by  one  and 
three  fourths  inches  high.     Many  from  that  vicinity  are  depressed. 

Fig.  144  comes  from  near  the  Seneca  River,  and  is  of  the  same 
slate.  It  is  three  and  three  eighths  long  by  one  and  three  eighths 
inches  high,  and  has  no  ears.  Fig.  145  is  from  Brewerton,  where 
many  have  been  found.  It  is  quite  thick  and  heavy,  making  a 
strong  contrast  with  the  last.  The  material  is  a  grey  striped  slate, 
and  the  ears  are  small.     It  is  five  and  five  eighths  inches  long. 

Fig.  146  is  a  very  curious  and  fine  bird  amulet  from  the  Seneca 
River,  four  and  one  half  inches  long  by  one  and  three  fourths  wide, 
made  of  a  mottled  dark  stone,  grey  and  yellow,  hard  and  highly 
polished.  The  ears  project  to  an  unusual  extent,  and  the  forward 
perforation  is  not  entirely  closed.  It  closely  resembles  one  from 
Grand  Rapids,  Michigan,  in  form  an^d  material,  but  has  a  more  ex- 
panded tail.  In  fact  it  may  be  considered  the  finest  example  of  this 
class  of  amulets  yet  found. 

A  few  others  may  be  briefly  described,  without  illustrations.  One 
of  green  striped  slate,  from  Baldwinsville,  has  no  ears,  and  is  four 
and  one  fourth  long  by  one  and  three  fourths  inches  high,  which 
is  about  the  average  size.  The  tail  vanes  much  in  angle  and  height, 
in  the  several  specimens,  and  the  head  is  as  variable  in  form  and 
length. 

One  of  brown  striped  slate,  found  a  few  miles  south  of  the  Seneca 
River,  has  no  ears  and  is  much  depressed.  It  is  five  inches  long 
and  two  and  one  fourth  high.     Another  of  brown  slate,  from  Cayuga 
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County,  and  which  is  broken,  has  a  lateral  perforation,  a  frequent 
feature  for  a  secondary  use  of  ornamental  stones,  allowing  them  to 
be  suspended  as  decorations.  The  edges  are  also  notched,  a  fre- 
quent feature  of  amulets,  perhaps  as  a  record.  The  remaining  part 
of  this  is  three  inches  long.  One  from  the  Onondaga  Reservation 
was  worn  as  a  decoration  by  an  Indian  girl,  being  suspended  by  a 
string  pass«i  through  the  secondary  lateral  perforation.  This 
amulet  is  of  green  slate,  and  has  been  broken,  having  lost  the  bill 
or  nose.  It  is  still  four  and  one  fourth  inches  long  by  one  and  seven 
eighths  high. 

A  fine  one  from  the  Oswego  River,  of  green  striped  slate,  is  of 
unusual  form.  The  ears  are  elliptic,  slightly  raised  but  not  stemmed, 
and  there  is  a  shallow  groove  in  each.  It  is  three  and  one 
fourth  long  by  one  and  one  fourth  inches  high.  Another,  of  the 
same  slate,  was  found  south  of  the  Seneca  River,  and  has  projecting 
ears.  This  is  four  and  one  half  long  by  one  and  one  half  inches 
high.  Still  another,  of  this  material,  is  from  St.  Lawrence  County, 
and  is  one  and  three  fourths  inches  high  by  three  and  one  fourth 
long.  It  is  quite  high  for  its  length,  and  the  tail  is  upright,  which  is 
not  a  rare  feature.  One  of  light  green  slate,  from  the  Seneca  River, 
is  quite  thin,  and  had  small  projecting  ears,  one  of  which  has  dis- 
appeared. The  tail  is  low,  and  the  amulet  is  live  inches  long  by 
one  and  three  fourths  high.  Many  broken  amulets  might  be  de- 
scribed, and  some  have  interesting  peculiarities.  One  of  grey  slate, 
from  Cayuga  County,  has  a  lateral  perforation  and  an  unusually 
long  neck.  A  water  worn  one,  from  the  beach  of  Cayuga  Lake, 
has  a  rounded  tail,  and  a  groove  across  the  base. 

It  will  be  seen  that  the  bar  amulets  are  few  in  comparison  with 
the  others,  but  they  were  apparently  all  used  in  the  same  way.  All 
have  the  terminal  basal  perforations,  and  usually  they  are  slightly 
raised  in  the  center  and  at  the  ends.  Fig.  147  represents  the  typical 
form.  This  is  of  dark  green  striped  slate,  and  was  found  on  the 
Seneca  River.  This  is  five  and  seven  eighths  inches  long  and  three 
fourths  of  an  inch  wide  and  high.  It  is  shghtly  elevated  and  thick- 
ened at  the  center  and  ends.     Of  course  there  is  nothing  specially 
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ornamental  in  this,  but  it  might  readily  be  used  as  the  Zuni  amulets 
were. 

Another,  almost  exactly  like  this,  was  found  at  Onondaga  Lake, 
but  is  a  little  longier.  Still  another  of  striped  slate,  very  uniform 
in  thickness  throughout,  was  found  on  the  Oneida  River  in  1879. 
It  had  lain  for  centuries  in  low  land,  and  was  much  discolored.  The 
length  was  five  and  one  fourth  inches,  and  the  width  and  depth  one 
inch  each.  One  from  Wayne  County  is  of  dark  green  slate,  and  has 
small  notches  or  tally  marks  along  the  edges.  It  has  a  flattened 
top,  which  may  have  been  a  curving  ridge  at  first,  and  is  five  and 
one  «igtitb  inches  long  by  three  quarters  of  an  inch  high.  A  broken 
one,  of  the  same  material,  comes  from  Brewerton,  and  another,  of 
brownish  slate,  was  found  near  the  Willard  Asylum  on  Seneca  Lake. 
This  is  four  inches  long. 

BOAT  STOHBS 

Mr.  Fowke  classes  the  boat  stones  as  a  division  of  the  banner 
stones,  sometimes  calling  them  gorgets;  neither  of  which  do  they 
much  resemble.  They  are  not  always  perforated,  though  this  may 
have  been  the  ultimate  intention.  When  this  has  been  done  there 
are  usually  two  holes,  bored  from  the  same  side.  Banner  stones 
have  commonly  but  one  hole,  which  is  large,  central,  and  quite  uni- 
form. Gorgets  may  have  several,  and  each  one  is  usually  drilled 
from  both  sides.  The  banner  stones  might  have  been  used  on  a 
staff,  whether  they  were  or  not.  No  such  use  could  have  been  made 
either  of  boat  stone  or  gorget.  Very  often,  however,  fine  examples 
of  the  former  are  not  perforated,  and  have  little  in  common  with 
the  other  implements  mentioned. 

Few  true  boat  stones,  if  by  this  is  to  be  understood  those  which 
have  been  excavated,  are  to  be  found  in  New  York.  The  excava- 
tion, however,  may  be  merely  a  device  to  make  the  stone  lighter, 
rather  than  an  essential  feature.  If  this  is  allowed,  as  seems  reason- 
able, many  might  be  placed  under  this  head. 

Fig.  154  is  one  of  these,  four  and  one  eighth  inches  long,  and 
seven  eighths  of  an  inch  high.  It  is  a  little  over  an  inch  in  width, 
and  a  lateral  section  gives  a  long  triangle,  the  deepest  part  being 
near  one  end.     Before  and  behind  this  are  perforations  from  top 
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to  bottom,  of  unequal  diameter,  but  each  broadest  at  the  base.  The 
material  is  striped  slate,  and  it  was  found  on  the  east  side  of  Cayuga 
Lake. 

Fig.  155  has  a  slightly  curved  base,  with  a  convex  sweep;  the  upper 
surface  having  a  much  greater  convexity.  A  groove  is  carried 
through  the  base,  hollowing  it  as  in  the  true  boat  stones.  It  is  of 
green  slate,  striped,  and  has  two  holes;  these,  as  in  other  cases, 
being  drilled  from  the  lower  side,  and  are  broad  on  that  surface  and 
small  above.  This  was  foimd  on  the  east  side  of  Onondaga  Lake, 
and  is  three  and  three  fourths  inches  long,  one  and  one  eighth  wide, 
and  three  fourths  of  an  inch  high.  The  outline  of  this  and  the  last, 
from  above,  is  very  nearly  a  parallelogram. 

Fig.  156  has  a  broad  broken  end,  which  has  been  smoothed,  and 
this  is  perforated  somewhat  like  the  amulets;  a  terminal  hole  inter- 
secting that  bored  from  base  to  top.  The  other  end  resembles  the 
tails  of  bird  amulets,  but  is  imperforated.  Another  hole,  however, 
goes  from  base  to  ridge,  being  intersected  by  a  lateral  basal  groove. 
Both  this  groove  and  the  terminal  perforation,  of  course,  are  second- 
ary. On  what  was  the  central  apex  is  a  small  nipple,  frequently 
found  in  this  class  of  articles.  The  perfect  end  has  slight  notches, 
and  the  material  is  brown  slate.  The  present  length  is  three  and 
one  etghdi  inches,  and  it  is  one  and  one  eighth  in  height.  This 
interesting  example  of  original  design  and  secondary  work  is  from 
the  Oswego  River. 

Fig.  157  is  of  green  striped  slate,  five  and  one  half  inches  long  and 
one  and  three  eighths  high.  It  was  found  north  of  Cross  Lake, 
and  has  the  two  customary  perforations,  one  before  and  one  behind 
the  central  and  prominent  nipple.  It  is  a  fine  example  of  this  form. 
Some  smaller  Ohio  specimens  have  quite  a  pyramidal  outline,  and 
the  nipple  is  like  a  small  ball. 

Fig.  158  is  of  the  same  slate,  and  somewhat  hke  a  low  pyramid, 
but  the  opposite  sides  do  not  quite  meet  at  the  top.  It  is  four  and 
one  fourth  inches  long,  one  and  one  half  wide,  and  one  and  one 
fourth  high.  This  has  neither  perforation  nor  excavation,  and  is 
from  the  Seneca  River. 
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Fig,  165  may  be  simply  a  long  perforated  sinker,  of  light  greenish 
slate,  but  the  terminal  perforations  suggest  both  the  bar  amulets 
and  the  perforated  boat  stones,  to  neither  of  which  does  it  belong. 
There  is  a  slight  groove  toward  one  end,  and  depressions  around 
the  holes.  The  general  section  would  be  three-sided.  It  comes 
from  the  Seneca  River, 

Fig.  214  is  unperforated,  nor  has  it  a  nipple.  It  expands  greatly 
in  the  center,  where  it  is  over  one  and  one  fourth  inches  wide,  while 
the  terminal  widths  are  much  less  than  an  inch.  It  is  five  and  one 
eighth  inches  long,  and  seven  eighths  of  an  inch  high  in  the  center. 
The  material  is  brown  slate,  and  it  comes  from  Hannibal.  An  un- 
finished one  of  granite,  almost  pyramidal  and  six  and  one  half  inches 
long,  is  from  Oswego  Falls.  Several  come  from  Cayuga  County, 
and  one  from  Troy  has  two  perforations,  and  is  five  and  one  eighth 
inches  long  and  one  inch  high.  A  fine  one  of  dark  olive  slate,  with 
nearly  straight  base  and  convex  upper  surface,  comes  from  Canaj'o- 
harie.  There  are  two  perforations  from  the  base,  which  is  also 
grooved.  It  is  five  and  one  eighth  inches  long,  one  and  one  fourth 
high,  and  one  and  one  eighth  wide.  One  of  slate,  from  Tioga 
County,  has  a  straight  base  and  a  rounded  upper  surface.  It  is 
three  and  one  fourth  inches  long,  and  has  two  perforations,  the 
specific  number. 

Tnie  boat  stones  occur  throughout  the  northern  States,  and 
many  good  examples  are  found  in  Ohio.  New  York  has  probably 
as  many  forms  as  any.  They  are  found  along  Lake  Champlain, 
and  at  several  places  on  the  Hudson  River,  as  well  as  in  the  localities 
already  mentioned. 

CUPS   AND  MORTARS 

Small  cups  are  occasionally  found,  probably  used  for  holding 
paint,  and  usually  having  one  side  elevated.  Mortars  are  often  but 
depressions  in  bowlders  or  rocks,  and  these  are  found  in  all  parts 
of  New  York,  though  most  frequent  near  tidal  waters.  Some  of 
those  thus  classed,  however,  are  simply  hollows  made  in  sharpening 
tools.  Of  this  character  is  one  on  Indian  Hill,  the  Onondaga  site 
of  1654.  Several  polished  depressions  will  be  found  in  a  large 
bowlder  there.     Mortars,  however,  were  often  portable.     One  from 
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near  Syracuse  is  of  calcareous  tufa,  seven  inches  in  outside  depth, 
and  four  and  one  half  inside.  The  upper  diameters  are  ii  and  iii, 
with  a  diameter  of  eight  inches  at  the  bottom.  This  has  been  called 
a  mortar,  but  is  properly  a  vessel  of  another  kind.  One  from  Ken- 
daia  is  a  nearly  circular  pebble,  seven  and  one  half  inches  across, 
and  excavated  on  both  sides.  A  fine  circular  one  is  from  Pompey 
Center,  of  limestone,  and  much  like  the  last.  It  is  nine  inches  in 
diameter,  and  the  depression  is  six  inches  across.  Many  of  these 
might  be  described. 

Fig.  159  is  a  beautiful  cup  of  dark  bluish  green  striped  slate,  two 
and  three  fourths  inches  across.  It  was  found  in  Hannibal  in  1875, 
and  is  unique  here,  but  one  has  since  been  added  to  the  Toronto 
collection,  closely  resembling  this  in  every  way.  The  form  is  cir- 
cular, and  the  shallow  bowl  is  neatly  curved  to  a  point  at  the  base. 
These  two  examples  add  to  the  other  proofs  of  the  close  relations  of 
New  York  and  Canada  in  prehistoric  times. 

Most  cups  are  of  ruder  form,  and  they  are  rarely  symmetrical. 
Fig.  160  is  one  of  these,  and  is  of  soapstone,  with  one  side  raised. 
It  is  two  and  five  eighths  inches  across  the  long  diameter,  and 
comes  from  the  Oneida  River,  with  one  of  similar  form.  Fig.  163 
is  a  small  one  found  in  or  near  an  earthwork  in  Elbridge,  and  made 
of  brown  sandstone.  It  is  one  and  one  fourth  inches  wide,  and 
one  side  is  deeper  than  the  other,  A  paint  dish  or  bowl,  four  and 
one  fourth  inches  wide  and  two  deep,  comes  from  the  Mohawk 
River.  A  small  stone  ball  was  in  it.  There  are  other  examples,  but 
of  no  special  importance, 

I>Oi;BI.B-nDGBD  SI.ATB  KNITES 

A  class  of  polished  slate  knives  in  New  York  and  part  of  Cana.da, 
has  long  had  the  local  name  of  slate  arrows,  and  these  are  but  little 
known  to  archieologists  in  general.  They  closely  resemble  but  are 
not  generally  identical  with  some  of  the  slate  knives  of  the  Point 
Barrow  Eskimo,  figured  and  described  in  the  ninth  Report  of  the 
Bureau  of  Ethnology.  Those  figured  in  that  volume  have  no  barbs, 
and  these  are  a  common  but  not  invariable  feature  of  these  New 
York  knives.     The  grinding  and  provisions  for  hafting  are  identical. 

There  are  suggestive  similarities  between  several  Iroquois  articles 
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and  those  of  the  Eskimo,  but  these  slate  knives  were  apparently  used 
here  long  before  the  Iroquois  entered  New  York.  The  half  cir- 
cular slate  knives  of  Canada,  New  York  and  the  Eastern  States, 
also  raise  the  question  of  early  visits  of  the  Eskimo,  and  the  prob- 
ability of  these  is  strengthened  by  the  recent  finding  of  articles  made 
of  walrus  tusks,  south  of  I-ake  Ontario.  They  occur  also  in  Can- 
ada, and  near  tlie  St.  Lawrence.  Without  discussing  this  question 
at  length,  it  may  suffice  to  say  that  these  two  forms  of  knives  are  in 
present  use  among  the  Eskimo,  and  that  that  people  lived  on  the 
north  shores  of  the  Gulf  of  St.  Lawrence  300  years  ago,  whence, 
at  a  still  earlier  day,  it  would  have  been  easy  for  them  to 
make  hunting  excursions  into  New  York  by  water.  Certain  it  is 
that  south  of  New  York  one  of  these  articles  has  never  been  found, 
and  the  other  but  rarely. 

In  some  parts  of  Canada  the  knives  now  to  be  considered  are 
about  as  common  as  in  New  York,  being  most  abundant  on  both 
sides  of  Lake  Ontario.  They  have  not  been  reported  east  of  Lake 
Champlain,  except  in  its  immediate  vicinity,  with  the  exception  of 
one  in  Maine,  nor  do  they  reach  more  than  half  way 
southward  to  the  Pennsylvania  line.  In  fact  here  they  are  rarely 
found  far  away  from  the  larger  lakes  and  streams  tributary  to  the 
St.  Lawrence. 

Fig.  i6j  is  a  dark  grey  slate  knife  of  this  kind,  and  one  of  a  fre- 
quent form,  being  shouldered  but  having  no  barbs.  There  are 
slight  notches  on  either  side  of  the  tang.  It  is  two  and  throe  ■ 
eighths  inches  long,  and  not  quite  one  and  one  fourth  wide.  Fig. 
164  is  another  of  grey  slate,  two  and  one  fourth  long  by  one  and  one 
fourth  inches  wide.  This  is  broadly  shouldered,  and  approaches  the 
barbed  form.  The  base  is  of  unusual  dimensions,  being  half  the 
length.     Both  of  these  are  from  the  Seneca  River. 

Fig.  166  is  very  long,  and  with  nearly  parallel  sides.  The  base  is 
broken,  but  it  is  still  five  and  five  eighths  inches  long  by  one  and  one 
fourth  wide.  It  has  barbs  and  distinct  notches,  and  is  reported 
from  Chenango  County,  an  unusual  location.  Fig.  167  is  of  grey 
slate,  with  long  barbs  and  very  deep  notches,  which  are  like  sharp 
teeth.     It  is  three  and  three  fourths  inches  long  and  one  and  three 
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eighths  broad.  From  the  Seneca  River.  Fig.  168  is  a  small  and 
deeply  notched  knife,  of  unusual  form,  one  and  five  eighths  inches 
long.  It  is  of  dark  grey  slate,  and  was  found  at  Brewerton.  Fig. 
169  is  of  dark  slate,  and  is  from  the  Oneida  River.  In  its  present 
form  it  closely  resembles  some  of  the  Eskimo  knives,  but  it  prob- 
ably once  had  barbs  which  have  been  cut  away.  It  is  two  and  one 
half  inches  long  by  one  broad.  Occasionally  one  seems  to  have 
been  broken  and  recut,  leaving  it  unsymmetrical  but  strikingly  like 
some  recent  Eskimo  knives. 

Fig.  170  is  of  red  slate,  shouldered,  short  and  very  broad.  It  is 
from  Jefferson  County,  and  one  and  five  eighths  inches  long  by 
one  and  one  eighth  wide.  The  notches  are  deep.  Those  of  red 
slate  are  often  quite  broad.  They  occur  mostly  on  Lake  Cham- 
plain,  but  some  are  found  south  of  Lake  Ontario. 

Fig.  171  is  of  bluish  slate,  from  the  Seneca  River,  and  has  barbs. 
It  is  two  and  three  eighths  inches  long  and  on*  and  one  fourth 
wide.  This  is  a  frequent  form.  Fig.  172  is  of  dark  slate,  from  Chit- 
tenango  Creek,  near  Oneida  Lake,  and  is  three  by  one  and  three 
eighths  inches.  Instead  of  coming  to  a  more  or  less  defined 
medial  ridge,  it  is  sharply  beveled  from  a  plane  siu'face  to  the  edges. 
It  is  shouldered,  and  the  base  has  no  lateral  notches.  Fig.  173  is 
the  smallest  yet  found,  and  is  of  grey  slate,  and  one  and  one  fourth 
inches  long  by  a  little  over  half  an  inch  broad.  It  is  shouldered  and 
rather  rude.  This  was  found  at  Onondaga  Lake.  Fig.  174  is 
.  omitted. 

Fig.  175  is  of  dark  slate,  somewhat  barbed,  and  conspicuously 
notched  on  the  edges  of  the  base.  It  is  ground  from  the  center  to 
the  edges,  like  most  others,  and  is  three  and  three  fourths  inches 
long  by  one  and  three  eighths  wide.  This  is  from  the  Seneca  River. 
Fig.  176  is  the  handsomest  yet  found,  and  is  from  an  island  in  the 
Oneida  River  at  Brewerton,  where  broken  harpoons,  as  well  as  per- 
fect ones,  have  been  abundant.  It  is  of  grey  slate,  shouldered  and 
thin,  finely  polished,  and  with  an  unusually  slender  base  and  deep 
notches.  Tlie  base  is  finely  finished  and  rounded.  This  fine  knife 
is  two  and  seven  eighths  inches  long  by  one  and  one  eighth  wide. 
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But  a  few  typical  specimens  are  figured,  but  these  knives  vary 
much  in  proportions  and  details.  The  barbs  are  usually  formed 
by  cutting  a  groove  between  the  cutting  edge  and  tang,  and  the 
notches  may  be  simply  cuts  or  half  circular  grooves.  The  surface 
is  usually  ground  all  over,  and  all  is  polished  except  the  flattened 
tang,  which  is  often  slightly  roughened  by  a  coarser  grinding.  In 
Eskimo  knives  this  is  inserted  in  a  handle,  and  the  New  York  speci- 
mens are  usually  beveled  for  this  purpose.  A  few  others  may  be 
mentioned. 

One  of  greenish  slate,  from  Baldwinsville,  is  one  and  three  fourths 
long  by  one  and  one  fourth  inches  wide,  and  is  barbed  and  notched. 
A  similar  one  is  of  the  same  dimensions.  A  slender  one  of  dark 
slate  is  barbed,  but  has  the  base  broken.  It  is  four  and  three  fourths 
inches  long  by  one  and  one  half  wide.  A  curious  one  of  red  slate 
is  very  broad.  It  is  broken,  but  was  originally  three  and  one  fourth 
long  by  two  and  one  fourth  inches  broad.  It  may  have  been  a  little 
longer,  but  the  edges  have  more  than  the  usual  convex  sweep.  All 
these  are  from  the  same  place. 

Another  broken  one,  from  the  same  locality,  is  of  dark  slate, 
shouldered,  and  without  lateral  notches.  The  present  size  is  three 
and  one  fourth  by  one  and  one  half  inches,  and  it  was  once  a  fine 
implement.  One  which  is  barbed  and  has  a  convex  edge,  is  flat  in 
the  center,  instead  of  having  the  usual  ridge.  It  is  two  and  three 
fourths  by  one  and  one  half  inches.  Another  fine  one  of  grey  slate, 
also  from  the  Seneca  River,  has  a  very  sharp  point,  and  is  seven 
and  one  half  by  one  and  one  fourth  inches,  an  unusual  size. 

A  small  one  of  grey  slate,  from  the  Oswego  River,  is  barbed,  and 
has  both  blade  and  base  very  tapering.  It  is  two  inches  by  one,  A 
long  one  of  grey  slate,  from  Baldwinsville,  is  also  barbed,  and  is 
four  and  one  half  by  one  and  three  eighths  inches.  A  handsome 
one  of  brown  slate  is  from  the  same  place,  and  is  shouldered.  The 
surface  is  rounded  and  not  distinctly  ridged.  It  is  three  and  one 
eighth  inches  long  by  one  and  one  fourth  broad, 

A  shouldered  one  of  black  slate,  from  the  Oswego  River,  is  three 
and  one  fourth  inches  long  by  one  and  one  fourth  wide.  One 
from  Onondaga  Lake  is  barbed  and    has  the    sharp    end    neatly 
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rounded,  instead  of  coming  to  a  point.  This  part  differs  little  from 
the  rest  of  the  work,  but  if  it  was  the  original  design  it  is  certainly 
unique.  It  was  probably  repointed  at  an  early  or  recent  day.  It  is 
of  dark  slate,  two  and  one  half  by  one  and  one  fourth  inches.  One 
of  dark  slate, from  the  Seneca  River,has  very  deep  notches,and  is  one 
and  three  fourths  long  by  one  and  one  eighth  inches  wide.  Another 
of  green  slate,  from  the  same  river,  has  the  same  features,  and  is 
three  by  one  and  three  eighths  inches.  Quite  a  number  of  grey  slate 
come  from  the  Oswego  River,  A  fine  one  of  this  material,  from  the 
Seneca  River,  is  shouldered,  but  has  no  grooves  or  lateral  notches. 
It  is  three  and  one  eighth  inches  long  by  one  and  one  fourth  wide, 
which  is  about  the  average  size.  Another  of  red  slate  is  from  the 
same  place,  and  is  broken,  but  is  two  and  one  eighth  inches  wide, 
and  was  proportionately  long;  probably  about  six  inches.  The  base 
is  short  and  the  notches  deep.     This  is  barbed. 

A  barbed  one,  with  a  very  long  stem,  comes  from  Oswego  Falls. 
Another,  of  dark  slate  and  shouldered,  is  from  Chittenango  Creek, 
and  is  three  by  one  and  five  eighths  inches.  Another  long-stem- 
med knife  of  grey  slate  is  from  Brewerton,  and  is  two  and  three 
eighths  by  one  and  three  eighths  inches.  The  barbs  are  long  and 
the  notches  distant,  A  large  black  one  comes  from  Cayuga  County, 
and  several  from  Jefferson.  These  are  not  far  from  three  inches  in 
length.  A  large  black  one  is  from  Rome,  where  others  have  been 
found.  A  broken  one  of  black  slate  is  from  Kendaia,  east  of  Seneca 
Lake,  the  extreme  southern  limit  of  these  articles  thus  far.  The 
width  is  one  and  three  eighths  and  the  present  length  three  inches. 
Several  come  from  that  lake,  as  would  be  natural  from  its  con- 
nection with  the  Oswego  river.  A  fine  barbed  one  of  brown  slate, 
having  deep  notches,  is  from  Seneca  County,  and  is  three  and  one 
eighth  by  one  and  one  fourth  inches.  Another  black  and  barbed 
one,  which  has  lost  its  base,  is  from  the  same  vicinity.  The  present 
size  is  four  and  one  fourth  by  one  and  five  eighths  inches. 

One  from  near  Holland  Patent  now  represents  the  eastern  range 
of  these  in  the  interior  of  New  York.  It  is  barbed,  of  grey  slate  and 
is  four  and  one  half  by  one  and  five  eighths  inches.  Another  of  grey 
slate,  from  Brewerton,  has  unusually  long  and  prominent  barbs,  as 


.dbyGoogle 


POLISHED  STONE  ARTICLES  USED  BY  THE  NEW  YORK  ABORIGINES      69 

well  as  deep  notches.  It  is  two  and  three  eighths  by  one  and  three 
eighths  inches.  Another  from  that  vicinity,  of  black  slate,  is  smooth 
and  thick.  It  is  shouldered  but  there  are  suggestions  of  barbs,  and 
the  base  is  nearly  half  the  length.  It  is  three  and  one  eighth  inches 
long  by  one  and  one  half  wide.  In  all  about  loo  have  been  figured 
and  described  in  New  York,  and  a  smaller  number  in  Canada.  Of 
New  York  specimens  two  thirds  come  from  a  territory  of  forty 
miles  square,  and  aJways  near  water.  This  is  significant  of  their 
use. 

THB  woMAiTs  jonrs 

Much  better  known  than  the  double  edged  slate  knife  is  the 
semi-circular  one,  known  as  the  Ulu,  or  woman's  knife  of  the 
Eskimo,  and  still  in  use  by  that  people.  In  the  interesting 
examples  figured  by  Prof.  Otis  T.  Mason  and  others,  will  be 
found  those  of  metal  and  slate,  which  closely  resemble  those 
of  stone  found  in  our  fields,  shown  also  with  handles  at- 
tached. Ours,  however,  are  never  perforated,  nor  is  the  curved  out- 
line interrupted  before  reaching  the  back,  thus  answering  to  but  a 
division  of  these  interesting  implements.  Dr.  Abbott  has  well  said, 
'  As  these  semi-lunar  knives  are  more  abundant  in  New  England 
than  in  the  Middle  States,  and  do  not  appear  to  have  been  in  use 
among  the  southern  coast  tribes,  it  is  probable  that  the  pattern  is 
derived  from  the  Eskimo,  with  whom  the  Northern  Algonkins  were 
frequently  in  contact,'     Dr.  Rau  endorsed  this  view. 

Since  these  eminent  scientists  published  this  opinion  many  of 
these  implements  have  been  found  in  New  York,  perhaps  more 
than  in  all  the  New  England  States,  and  the  features  of  their 
distribution  point  to  their  use  by  northern  visitors,  rather 
than  by  settled  inhabitants.  They  are  far  from  rare  on  both 
sides  of  Lal»e  Ontario,  but  most  frequent  toward  the  eastern  end, 
the  part  most  accessible  to  the  Eskimo.  Very  rarely  they  have 
been  found  in  New  Jersey  and  Pennsylvania,  and  are  oftenest  near 
fishing  resorts.     They  were  unknown  to  the  Iroquois, 

They  are  all  essentially  of  the  same  form,  the  principal  difference 
being  in  having  a  simple  or  a  thickened  back,  so  that  a  very  few 
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figures  will  fairly  illustrate  this  class  of  implements,  though  some 
others  may  be  described. 

Fig.  177  is  of  a  slaty  sandstone,  and  has  an  unusually  deep  thick- 
ened back,  the  blade  being  quite  thin.  The  edge  has  been  broken, 
and  this  and  the  grinding  required  to  keep  it  sharp,  have  interfered 
with  the  perfect  curve.  It  was  found  west  of  Cross  Lake,  and  is 
two  and  one  fourth  inches  deep  by  two  and  seven  eighths  wide. 
These  thickened  backs  are  comparatively  rare.  Fig.  178  is  quite 
unique,  being  of  a  black  and  very  hard  slate,  which  is  very  thick  in 
comparison  with  others.  The  ends  have  been  broken,  and  the  back 
is  rounded.  It  comes  from  the  Seneca  River,  and  its  present  size 
is  three  inches  wide  by  one  and  one  eighth  deep. 

F'f-  179  has  lost  about  a  third  of  its  width  which  was  origin- 
ally five  and  one  half  inches,  with  a  depth  of  two  inches.  It  is  of 
brown  sandstone,  with  a  deep  and  thick  back.  This  is  from  the 
Seneca  River.  Fig.  180  comes  from  near  Oneida  Lake,  and  has  no 
thickening  of  the  nearly  straight  back.  It  is  of  grey  sandstone, 
and  forms  nearly  a  half  circle,  two  and  one  fourth  by  six  and  one 
eighth  inches.    A  few  others  may  be  described. 

One  from  near  the  Seneca  River  is  of  thin  red  slate,  with  a  sim- 
ple-back, and  is  nearly  a  true  half  circle,  being  two  by  five  inches. 
It  is  quite  sharp  and  symmetrical.  Another,  from  the  Oneida  River. 
is  also  of  red  slate,  two  and  one  half  by  six  inches.  One 
of  dark  slate,  from  Camden,  has  a  less  convex  edge  and  an  ir- 
regular back.  It  is  six  and  one  half  by  two  inches.  One  of  red 
slate,  from  Oswego  County,  broken,  and  now  three  by  five  inches, 
seems  to  have  been  originally  nine  and  one  fourth  by  three  and  one 
fourth  inches.  Another,  from  the  same  county,  and  of  the  same 
material,  has  an  irregular  back,  and  is  six  inches  wide  by  one  and 
three  quarters  deep.  A  very  fine  one  of  red  slate,  found  on  the 
Oneida  River,  is  perfect,  and  is  six  and  seven  eighths  by^hree  inches, 
with  a  thickness  of  a  quarter  of  an  inch. 

Several  come  from  near  Lake  Champlain.  One  of  these,  of  mot- 
tled slate,  is  six  and  one  halt  by  two  and  one  eighth  inches.  A  per- 
fect one  of  dark  slate  is  six  by  two  inches;  and  another,  which  has 
a  thick  back,  is  five  inches  wide  by  two  and  three  fourths  deep. 
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Many  come  from  near  Brewerton  and  Oneida  Lake.  One  of 
these  is  of  brown  banded  slate,  and  has  an  irregular  back.  It  is 
slightly  broken,  and  was  originally  six  by  two  inches.  Another 
is  of  brown  sandstone,  and  has  a  simple  back  neatly  rounded  on 
both  edges.  It  is  a  little  over  one  and  one  fourth  inches  deep,  but 
was  originally  seven  and  three  eighths  wide.  One  of  grey  sand- 
stone is  five  and  three  fourths  by  two  and  one  eighth  inches.  An- 
other of  green  slate  is  a  true  half  circle,  being  five  by  two  and  one 
half  inches.  It  has  a  straight  back,  and  a  similar  one  has  a  thick- 
ened back.  Another,  from  Oswego  County,  is  made  of  grey  slate 
and  has  a  straight  back.  It  is  six  inches  wide  by  two  and  one 
eighth  deep. 

A  very  light  drab  slate  knife  was  found  a  little  east  of  Onondaga 
Lake,  and  is  five  and  three  eighths  by  one  and  one  fourth  inches. 
The  back  is  quite  irregular.  Another,  from  the  Seneca  River,  is 
six  and  one  eighth  by  two  and  one  half  inches;  and  still  another  of 
red  slate  is  five  and  one  half  by  two  inches.  One  from  St.  Law- 
rence County  has  a  simple  back,  which  is  more  convex  than  usual. 
It  is  seven  and  one  half  by  two  inches.  A  large  and  handsome  one, 
of  purple  slate,  is  from  Cayuga  Lake,  and  is  six  and  one  fourth  by 
two  and  one  half  inches. 

Dr.  Rau  figured  a  very  fine  one,  in  his  Prehistoric  Fishing,  from 
Newark  Valley,  in  Tioga  County,  which  is  six  and  three  fourths 
inches  wide,  and  has  a  thick  curving  back.  Two  others  in  that  work 
are  from  Pennsylvania  and  Massachusetts,  and  others  are  added 
from  the  Eskimo  of  Norton  Sound  in  Alaska,  one  of  which  is  a 
frequent  New  York  form. 

Although  most  of  those  mentioned  have  been  found  in  a  few  local- 
ities, they  probably  have  a  much  larger  distribution,  while  it  is  also 
true  that  they  become  rarer  as  we  proceed  west  and  south.  In  but 
few  instances  is  the  sweep  of  the  blade  quite  a  half  circle,  and  those 
with  thick  backs  are  less  symmetrical  than  those  without.  Their 
purpose  is  evident,  from  their  use  by  the  present  Eskimo,  being 
identical  with  the  U!u  or  woman's  knife.  Whether  that  people 
actually  reached  New  York  will  not  be  debated  now.  but  the  opinion 
of  those  who  think  the  Northmen  found  them  in  New  England  nine 


Digitized  byGoOgIc 


Mew  YORK  STATE  MUSEUM 


centuries  ago,  is  certainly  strengthened  by  these  relics.  At  that 
time  the  interior  of  New  York  had  no  settled  inhabitants,  and  the 
New  England  seaboard  does  not  seem  to  have  been  reached  by  the 
Algon  quins. 


Dr.  Abbott  classed  certain  perforated  '  relics  as  banner  stones  or 
ornamental  stones,  either  used  in  the  decoration  of  weapons  or  for 
suspension  from  the  body,  after  the  manner  of  breastplates.'  He 
adds,  '  Whatever  may  have  been  the  manner  of  exhibiting  such 
stone  ornaments  it  is  impossible  to  determine,  but  the  fortunate 
possessor  of  such  a  specimen  might  well  be  proud  of  it.  May  it  not 
be  that  such  stones  were  the  charms  of  the  medicine  men?  Stones 
that  were  concealed  from  the  general  gaze  of  the  crowd,  and  only 
brought  to  view  with  elaborate  coverings  on  great  occasions.  They 
do  not  seem  sufficiently  abundant  to  be  simply  the  ornaments  of 
chiefs  and  warriors'. 

All  archaeologists  nearly  have  conceded  that  they  were  not  in- 
tended for  mere  use,  and  an  effort  has  been  made  to  call  them  cere- 
monial objects.  The  good  sense  of  the  public  is  likely  to  prevail 
in  retaining  Dr.  Abbott's  name.  They  are  peculiar  to  America, 
and  are  of  early  date  although  surface  finds.  They  were  unknown 
to  the  Iroquois,  nor  has  their  use  been  perpetuated  by  the  later 
Indians;  but  they  are  much  more  abundant  than  Dr.  Abbott  sup- 
posed. 

Mr.  Fowke's  treatment  of  banner  stones  is  somewhat  confused, 
but  he  sensibly  retains  Dr.  Abbott's  name,  so  much  more  definite 
than  that  of  ceremonial  objects.  That  they  were  suspended  as  orna- 
ments for  the  body,  however,  seems  in  no  way  probable,  while  the 
central  perforation  gives  force  to  the  idea  that  they  were  placed 
on  slender  poles  for  badges  of  authority  or  use  in  ceremonies.  At 
the  same  time  they  so  commonly  accompanied  the  owner  on  long 
journeys,  that  they  may  have  had  some  superstitious  use.  They 
occur  mostly  east  of  the  Mississippi  or  in  its  drainage. 

They  were  not  all  drilled  aUke.  Some  New  York  specimens,  un- 
finished, show  a  pointed  spiral  hole,  such  as  might  have  been  made 
by  a  flint  drill.     Others  have  a  central  core  remaining,  showing 
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that  the  drill  was  hollow.  Dr.  Rau  thought  that  such  an 
implement  might  have  been  made  from  the  southern  cane, 
now  used  for  fishing-rods  and  pipe-stems,  which  varies  greatly 
in  size,  and  is  hard  enough  few  such  a  purpose.  In  any  case,  sand 
and  water  were  employed,  but  the  work  was  slow.  The  stone  was 
picked  into  shape,  a  little  polishing  done,  and  this  was  followed  by 
the  drilling  and  general  grinding  and  polishing. 

Of  the  varieties  usually  described  nearly  all  occur  in  New  York, 
though  sometimes  in  a  fragmentary  condition,  and  this  is  true  of 
Canada  also.  They  vary  much  in  form,  size  and  material,  but  are 
usually  of  some  ornamental  stone,  quite  frequently  the  striped  slate. 
Out  of  209  banner  stones  in  Mr,  Douglass'  collection  but  five  are 
from  New  York,  where  they  are  of  frequent  occurrence,  but  rarely 
on  village  sites.  They  are  sometimes  pick-shaped,  like  a  broad 
double  axe,  heart  and  butterfly  shaped,  like  reels,  and  sometimes 
make  a  double  crescent  with  four  points. 

Fig.  184  is  of  light  green  slate,  slightly  banded,  and  is  of  an  ex- 
panded double  hatchet  form,  which  might  be  called  that  of  a  butter- 
fly. It  was  found  not  far  from  Three  River  Point.  As  in  most  of 
the  others,  the  orifice  is  a  little  larger  at  one  end  than  the  other, 
and  the  average  in  this  one  is  five  eighths  of  an  inch.  The  extreme 
width  is  four  and  three  eighths  inches,  and  it  is  two  and  three  fourths 
deep. 

Fig.  185  is  a  straight,  pointed,  and  elliptical  article  of  green  striped 
slate  from  the  Oneida  River.  It  is  here  represented  in  profile,  which 
is  the  narrow  way,  an  unusual  feature,  and  thus  the  perforation  is 
made  through  the  narrower  central  diameter.  It  is  four  inches 
long,  one  and  one  eighth  wide,  and  three  fourths  of  an  inch  deep. 
The  material  is  fine.  Fig..  i86  is  very  different,  generally  circular, 
but  a  little  angular.  It  is  of  green  striped  slate,  and  one  side  has 
been  broken.  The  depth  is  four  and  one  half,  and  the  original  width 
five  and  three  eighths  inches.  A  deep  rectangular  indentation  meets 
the  orifice  above  and  below,  thus  shortening  it;  and  it  has  the  usual 
central  expansion  of  the  thinner  forms.  It  comes  from  Onondaga 
Lake. 
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Fig.  187  is  nearly  elliptical,  but  the  wings  terminate  in  points. 
It  has  one  deep  indentation,  like  the  last.  It  is  of  thin  striped  slate, 
thickened  in  the  middle  as  usual,  and  the  dimensions  are  five  and 
one  half  in  width  by  two  and  five  eighths  inches  deep.  This  was 
found  four  feet  below  the  surface  by  the  outlet  of  Chautauqua  Lake, 
above  Jamestown. 

Fig,  188  is  also  of  striped  slate,  with  an  orifice  averaging  five 
eighths  of  an  inch.  It  came  from  Camillus,  and  is  of  the  butterfly 
form,  but'differs  from  most  specimens  in  not  having  the  wings  in  a 
plane.  It  is  rather  thick,  and  is  four  and  five  eighths  wide  by  one 
and  seven  eighths  inches  deep.  Those  as  heavy  as  this  of  course 
might  have  served  some  useful  purpose,  but  they  are  not  sharpened 
and  show  no  marks  of  use.  The  perforation  is  larger  than  would  be 
required  for  mere  suspension,  and  it  seems  reasonable  that  a  handle 
or  staff  was  inserted  in  this.  The  difference  in  the  terminal  diam- 
eters of  the  orifice  is  usually  an  eighth  of  an  inch. 

Fig.  189  approaches  a  long  heart  shape,  indented  at  each  end,  and 
with  the  customary  central  ridge.  It  is  of  olive  green  slate,  and 
much  narrower  for  its  depth  than  usual,  though  many  have  this  gen- 
eral form.  The  larger  diameter  of  the  orifice  is  seven  sixteenths  of 
an  inch,  and  the  stone  is  two  and  three  fourths  wide  by  four  and 
one  eighth  inches  deep.  This  and  the  next  are  from  Brewerton. 
Fig.  191  is  quite  curious  from  its  unsymmetrical  form  and  unusual 
perforation,  the  latter  being  elliptical.  The  material  is  a  beautiful 
green  striped  slate,  showing  a  fault  in  the  stone,  a  not  infrequent 
feature.  This  is  quite  sharp  near  the  perforated  end,  and  the  out- 
line each  way  is  not  unlike  some  forms  of  broad  celts.  The  greatest 
diameter  is  two  and  five  eighths  inches,  and  that  of  the  orifice  eleven 
sixteenths  of  an  inch.  Of  course  the  latter  was  not  made  in  the 
usual  way,  although  neatly  finished.  This  beautiful  and  remark- 
able article  was  found  not  very  long  since. 

Fig,  192  is  unfinished,  and  those  in  this  condition  are  hardly  rare, 
but  this  has  unusual  interest  from  showing  the  mode  of  drilhng,  as' 
well  as  preliminary  work.  It  is  of  a  hard  greenish  and  crystalline 
stone,  picked  all  over  into  a  symmetrical  form,  and  ground  above 
and  below.     On  the  lower  edge  the  work  of  perforation  was  begun 
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witb  a  tubular  drill,  and  this  was  interrupted  when  a  depth  of  but  an 
eighth  of  an  inch  had  been  reached,  leaving  a  core  in  the  center. 
The  implement  is  thick  and  heavy,  somewhat  hatchet-shaped,  the 
blades  being  about  equal  on  either  side,  and  it  is  six  and  three 
eighths  wide  by  two  inches  deep.  This  is  from  the  Seneca  River, 
and  not  from  a  village  site,  in  which  it  agrees  with  some  other 
specimens. 

Fig.  193  is  one  of  the  frequent  reel  shaped  articles,  and  is  nearly 
perfect.  The  material  is  olive  brown  striped  slate,  three  and  five 
eighths  wide  by  two  inches  deep.  The  orifice  is  half  an  inch  wide. 
This  form  expands  gradually  to  the  center,  and  the  terminal  inden- 
tations are  beveled  to  a  moderately  sharp  edge.  Quite  often  the 
upper  and  lower  edges  are  grooved  throughout,  but  this  one  has  a 
plain  surface.     It  comes  from  Lysander. 

Fig.  200  is  one  of  the  most  beautiful  of  these  articles,  and  comes 
from  Fabius  or  Pompey,  much  resembling  one  in  the  State  Museum 
from  that  vicinity.  It  is  made  of  a  beautiful  olive  green  striped 
slate,  and  in  form  is  like  a  slender  pickaxe,  having  a  central  ridge 
along  both  sides,  from  end  to  end.  Each  end  has  a  slight  projec- 
tion. In  the  center,  on  one  side,  is  a  partially  effaced  ornament. 
It  is  seven  inches  wide  by  one  and  one  fourth  deep,  and  the  orifice 
is  nine  sixteenths  of  an  inch  in  diameter.  No  finer  example  of  this 
form  is  on  record. 

Fig.  201  is  a  pick-shaped  article  of  black  slate,  unique  in  some 
respects.  The  center  is  enlarged  by  a  distinct  concave  sweep  on 
either  side,  terminating  in  a  central  flattened  surface.  Near  this  is 
a  lateral  perforation  on  either  hand,  drilled  precisely  as  in  the  gor- 
gets. No  other  has  been  reported  with  holes  like  these,  and  if  the 
stone  had  been  placed  on  a  staff,  they  might  have  served  to  attach 
pendent  ornaments.  The  sides  are  covered  with  transverse  lines, 
suggesting  tallies.  The  blades  are  thin,  and  the  total  length  is  six 
inches,  with  a  depth  of  one  and  one  fourth  inches.  It  was  found 
on  a  camp  site  on  the  Seneca  River  in  1875.  The  ends  are  abrupt, 
and  may  be  either  broken  or  unfinished. 

Fig.  202  is  a  thick,  crescent  formed  banner  stone  from  Skaneateles 
Lake,made  of  green  striped  slate.andone  inch  deep  bythree  and  three 
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eighths  wide.  The  ends  are  rounded,  and  the  orifice  is  a  little  over 
half  an  inch  in  diameter,  contracting  slightly  in  the  interior  of  the 
stone.  There  are  no  village  sites  near,  and  but  few  small  camps. 
Fig.  203  is  elliptical  every  way,  but  roundly  pointed  at  each  end.  It 
comes  from  Dresden,  on  Seneca  Lake,  and  there  is  a  fault  in  the 
green  striped  slate  of  which  it  is  made.  It  is  three  and  three  eighths 
wide,  and  one  and  one  half  inches  deep. 

Fig.  204  is  a  straight  pick  form,  a  being  the  profile,  and  b  the 
basal  view.  The  base  is  longitudinally  grooved,  and  the  gradual 
expansion  makes  a  central  ridge  unnecessary.  It  is  of  light  olive 
green  slate,  having  a  depth  of  three  quarters  of  an  inch,  and  a  width 
of  three  inches.  The  orifice  is  three  quarers  of  an  inch.  This  is 
■   from  Oneida  Lake. 

Fig.  205  is  another  unusual  form  of  light  green  striped  slate, 
with  an  elliptical  perforation,  as  in  Fig.  191,  but  not  so  narrow. 
Both  ends  are  grooved,  and  the  lateral  edges  are  almost  sharp.  It 
is  two  and  one  half  inches  wide  and  one  and  one  half  deep.  The 
thickness  is  three  quarters  of  an  inch.  A  banner  stone  of  bluish 
drab  slate,  from  the  Seneca  River,  is  a  little  broken,  and  approaches 
the  heart  shape.  The  perforation  is  half  an  inch  in  diameter,  but 
enlarges  within,  an  unusual  feature.  This  article  is  three  and  three 
fourths  inches  deep  and  three  and  one  half  wide.  Another,  of  sim- 
ilar shape  and  found  some  miles  from  the  same  river,  is  two  and  one 
half  inches  deep  and  two  and  one  eighth  wide.  This  is  made  of  an 
olive  and  mottled  slate,  the  perforation  in  which  averages  over  half 
an  inch  wide.  Another  of  olive  slate  found  near  the  last,  has 
straighter  and  nearly  parallel  sides.  There  is  the  usual  expansion 
in  the  center,  and  it  is  nearly  three  inches  deep  by  two  and  one 
quarter  wide.  The  perforation  is  about  half  an  inch.  Still  another 
approaching  the  heart  shape  is  from  the  head  of  Oneida  Lake, on  the 
north  side.  It  is  of  bluish  olive  slate,  three  and  one  quarter  deep 
and  two  and  three  quarters  inches  wide,  and  thickened  in  the  center. 
There  are  lines  across  the  edges.  The  orifice  is  over  half  an  inch, 
and  drilling  coarse.  Another  of  similar  form  comes  from  the  west 
end  of  the  same  lake,  and  is  of  a  dark  mottled  slate,  three  inches 
deep  and  three  and  one  fourth  wide.     As  a  rule  the  perforation 
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varies  but  little  from  half  an  inch.  Another,  of  a  double  hatchet 
form,  is  from  the  east  end  of  the  same  lake,  and  is  made  of  a  porous 
bluish  white  stone,  slightly  banded.  There  are  notches  on  one  edge, 
and  the  orifice  is  finely  drilled,  being  smallest  midway. 

A  handsome  fragment  is  from  Onondaga  Lake,  where  it  was 
found  in  1877.  The  material  is  bluish  striped  slate,  very  smooth  and 
thin.  The  broken  edge,  which  was  along  the  perforation  or  nearly 
so,  has  been  smoothed,  and  a  small  hole  drilled  in  the  upper  corner, 
placed  there  for  its  later  suspension.  It  might  be  called  the  butter- 
fly pattern,  and  the  original  size  was  six  inches  in  width  and  three 
and  one  half  in  depth.  The  thin  wings  continue  very  uniform  in 
diameter  till  the  central  ridge  is  reached.  Another,  of  similar  form, 
but  thicker,  and  made  of  purple  and  green  slate,  is  from  the  same 
lake,  and  is  finely  drilled.  It  was  originally  five  inches  wide  and 
two  and  one  quarter  deep. 

One  of  these,  made  of  polished  greenstone,  is  from  the  Seneca 
River,  and  is  two  and  one  eighth  long  by  one  and  five  eighths 
inches  wide.  The  orifice,  however,  is  so  small  as  to  make  it  doubtful 
whether  it  may  not  originally  have  been  the  stem  of  a  large  plat- 
form pipe,  recut  for  an  ornament  after  being  broken.  It  seems 
best  adapted  for  such  a  purpose.  Many  of  the  heart  shaped  forms 
might  be  described. 

An  unfinished  one,  much  like  Fig.  192,  is  from  the  Seneca  River, 
and  a  little  broken;  it  is  of  greenstone  and  angular  and  thick,  being 
about  six  and  one  half  inches  long  and  one  and  three  eighths  deep. 
A  similar  one,  unfinished  and  picked  all  over,  is  from  the  same 
river,  together  with  the  next  two.  It  is  large  and  thick.  One  of 
the  others  is  nicely  picked  and  ready  for  grinding,  except  in  being 
unperforated.  It  is  of  greenish  grey  sandstone,  and  the  oblique 
wings  are  brought  nearly  to  an  edge.  It  is  conspicuously 
thickened  in  the  center,  and  the  wings  are  at  an  angle 
suggesting  those  of  a  windmill.  It  was  found  in  1883,  and  is 
six  and  three  fourths  by  two  and  one  half  inches.  The  other  is  of 
the  same  general  form,  but  deeply  indented  above  and  below,  and  is 
of  light  brown  sandstone,  picked  and  partly  ground.  It  is  eight  and 
one  fourth  inches  wide.     All  these  unfinished  banner  stones  have  a 
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general  resemblance  and  were  found  within  a  distance  of  a  few 
miles.     In  the  last  drilling  was  commenced  with  a  sharp  point. 

A  finished  half  circular  banner  stone  from  Cazenovia,  of  olive 
slate,  has  one  wing  broader  than  the  other,  and  is  three  and  three 
fourths  inches  broad  by  two  and  one  fourth  deep.  Another  half 
circular  one  of  dark  grey  slate,  thick  and  nnpolished,  is  from  the 
Sen«ca  River,  and  is  four  and  one  half  inches  wide  by  two  deep.  A 
reel-shaped  one,  from  the  same  river,  is  grooved  above  and  below,and 
one  side  is  deeper  than  the  other.  It  is  of  dark  green  striped  slate, 
three  and  one  fourth  wide  by  one  and  three  fourths  inches  deep. 
The  orifice  is  of  the  usual  size. 

Perfect  banner  stones  of  pick  and  crescent  forms  have  been 
found  near  Cayuga,  Canandaigua  and  Seneca  lakes,  and  in  Jefferson 
County.  They  are  rare  along  the  Mohawk,  though  sometimes 
found  there.  A  large  unfinished  one  is  from  Seneca  Lake,  and  is 
seven  and  three  fourths  wide.  A  still  larger  unfinished  one  is  from 
Baldwinsville,  and  is  nine  and  three  fourths  inches  wide,  with  quite 
oblique  wings. 

One  only  of  the  double  crescent  form,  with  four  horns,  has  been 
reported,  and  that  is  broken.  It  is  of  green  striped  slate, 
and  was  originally  six  by  five  and  one  fourth  inches.  It  is  from 
Oswego  County.  This  rare  and  beautiful  form  is  also  found  in 
Canada  and  Ohio.  A  pick  or  hatchet  form,  quite  angular,  comes 
from  Sullivan  County,  and  is  of  variegated  soapstone,  thin  and 
polished.     It  is  five  and  three  eighths  inches  wide. 

Several  banner  stones  are  from  the  vicinity  of  Owego,  in  Tioga 
County,  and  a  fine  unfinished  one  has  lately  been  described,  re- 
cently found  in  Ellington,  Chautauqua  County.  If  shows  a  core 
where  drilling  was  commenced,  but  is  nearly  half  circular  in  form, 
instead  of  that  of  those  already  described.  A  curious  article,  sug- 
gestive of  banner  stones,  is  from  Brewerton,  where  several  have 
been  found,  made  of  brown  sandstone.  They  are  nearly  circular, 
flat  and  notched,  and  with  a  rough  ridge  left  in,  the  center,  from  one 
indentation  to  the  other.  The  diameter  is  four  inches,  and  they  are 
unique.  The  abundance  of  banner  stones  may  be  inferred  from  the 
selected  examples  given. 
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Gorgets  are  found  in  Europe,  but  they  are  difiFerent  from  those  in 
America,  where  there  has  been  much  speculation  as  to  their  use. 
There  is  no  direct  evidence  that  they  were  twine  twisters,  as  School- 
craft thought.  The  Iroquois  required  no  artificial  means  in  making 
thread,  and  knew  nothing  of  these  implements.  Perhaps  as  little 
can  be  said  of  their  use  as  guards  against  the  recoil  of  the  bow 
string,  for  which  some  of  them  certainly  would  have  been  a  clumsy 
contrivance.  Dr.  Abbott's  conclusion  is  very  much  better,  in  sup- 
posing they  were  ornaments  variously  used.  They  are  ustially  sym- 
metrical, and  drilled  from  both  sides,  each  perforation  terminating 
in  a  smaller  hole  in  the  middle.  Occasionally  they  are  left  unfin- 
ished, and  often  seem  merely  ornaments.  In  that  case  it  is  prob- 
able they  were  not  so  much  suspended  as  fastened  to  the  wearer's 
dress  by  one  or  more  holes,  like  some  shell  gorgets;  or  the  super- 
fluous holes  might  have  been  for  the  attachment  of  other  light 
ornaments  to  them.  However  this  was,  they  certainly  had  no  rough 
usage,  but  may  well  have  been  worn  like  the  frontaJ  crown  and 
the  breastplate  of  the  Hebrew  high  priest. 

If  they  were  ornaments,  many  may  have  had  a  more  practical 
use.  A  few  have  a  chisel  or  a  gouge-hke  edge.  They  are  of  very 
wide  distribution,  and  perhaps  are  as  abundant  in  New  York  as 
anywhere,  presenting  many  beautiful,  and  sometimes  rare  forms. 
This  is  not  generally  known,  because  of  lack  of  publication,  Mr. 
Douglass  -has  360  in  his  collection,  and  but  20  of  these  are  from 
Mew  York,  their  supposed  abundance  or  rarity  depending  on  the 
collector's  field  or  tastes.     They  extend  across  the  continent. 

Dr.  Abbott  observes  that  they  are  found  near  the  breast  in  New 
Jersey  graves,  and  this  holds  good  in  New  York,  where,  however, 
but  few  occur  in  tombs.  He  found  most  New  Jersey  specimens  of 
flnc  form.  In  New  York  there  seem  no  bounds  to  the  varieties. 
One  was  taken  from  a  grave  at  Deming's  Point  in  Dutchess  County, 
which  was  of  dark  striped  slate.  It  had  one  hole  and  41  tally  marks. 
The  dimensions  were  four  and  one  half  by  two  and  one  fourth 
inches.     Another,  with  but  one  hole,  was  taken  from  a  burial  mound 
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at  Onondaga  Lake,  and  others  are  from  the  extreme  end  of  Long 
Island. 

It  will  be  found  that  those  of  stone  did  not  essentially  differ  from 
the  shell  gorgets,  worn  by  the  Iroquois  in  colonial  days,  which  usu- 
ally have  ornamental  designs  and  two  perforations  for  suspension. 
The  well  known  buckle  of  the  silver  brooch,  still  in  use,  shows  that 
the  Indian  had  a  good  idea  of  the  advantage  of  two  points  of  con- 
tact. With  good  tools  the  flat  ornaments  of  shell  and  stone  usu- 
ally had  two  longitudinal  perforations,  insuring  the  best  modes  of 
attachment  or  suspension.  There  seems  abundant  testimony,  his- 
torical and  otherwise,  that  the  American  stone  gorget  was  an  orna- 
ment, but  it  is  not  necessary  to  produce  all  this  here. 

Fig.  206  has  two  long  parallel  sides,  and  is  made  from  a  banded 
yellowish  olive  quartzite,  which  is  almost  a  sandstone.  It  has  three 
holes,  and  another  has  been  commenced  on  one  side.  One  end  is 
gouge-like,  and  the  dimensions  are  four  and  five  eighths  by  one  and 
one  half  inches.  It  is  from  the  Seneca  River.  Fig.  207,  from  Mon- 
roe County  is  very  different.  The  base  line  is  one  and  three  quar- 
ters inches  long,  and  frcwn  this  the  sides  rise  three  and  one  fourth 
inches  with  a  concave  sweep.  The  width  is  then  two  and  three 
eighths  inches,  and  above  this  the  top  lines  converge  to  a  point, 
making  the  extreme  length  four  and  one  eighth  inches.  It  is  of 
brown  striped  slate,  and  has  but  one  hole. 

Fig.  208  is  one  of  green  ribbon  stone,  or  striped  slate,  much  like 
the  last  butwith  the  tip  broken.  It  has  but  one  hole,and  the  extreme 
length  now  is  four  and  one  eighth  inches.  This  is  from  the  Oswego 
River.  Fig.  209  is  a  beautiful  gorget  of  green  striped  slate  from 
Oneida  Lake.  It  has  two  holes,  tapering  sides,  and  expanded  and 
somewhat  rounded  ends  projecting  beyond  these,  rather  abruptly 
leaving  the  sides.  The  length  is  three  and  five  eighths  and  the 
breadth  two  and  one  eighth  inches. 

Fig.  211  is  a  remarkable  gorget  of  dark  olive  slate,  found  in  a 
small  mound  in  Jefferson  County,  and  which  could  have  been  used 
only  as  a  breastplate.  It  has  two  small  holes,  and  the  sides  are 
generally  parallel.  Two  of  them,  however,  expand  near  the  base, 
which  becomes  nearly  six  and  one  half  inches  wide.     The  general 
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width  is  four  and  three  fourths  and  the  height  six  and  three  eighths 
inches.  It  is  not  thick.  Another,  found  with  it,  differs  slightly 
from  it  in  size  and  form.  The  height  is  the  same,  but  the  base 
becomes  seven  and  one  fourth  inches  wide.  This  is  of  black  slate. 
There  is  a  ruder  and  smaller  one  in  the  Toronto  collection,  from 
West  Ontario,  which  has  but  one  hole.  It  is  five  and  three  eighths 
inches  high  by  five  and  one  eighth  in  extreme  width.  These  are 
all  that  have  been  reported  of  this  form.  The  figure  here  given  is 
reduced. 

Fig.  212  is  a  more  frequent  form  with  slightly  convex  edges, 
coming  to  a  point  at  each  end.  In  this  article  these  points  have 
been  broken  off,  the  original  length  being  six  and  one  half  inches. 
The  width  is  one  and  three  eighths  inches,  and  it  has  two  holes. 
The  material  is  bluish  grey  slate,  and  it  comes  from  the  Seneca 
River.  Fig.  213  is  a  gorget  found  a  few  miles  from  the  last,  and  is 
nearly  triangular.  Tlie  material  is  a  banded  red  slate,  and  there  is 
but  one  hole.  It  is  five  and  three  fourthe  inches  long,  two  and  three 
quarters  at  the  broad  end;  the  narrow  end  three  quarters  of  an 
inch  wide.     Both  these  are  reduced  in  the  illustration. 

Fig.  217  is  a  rare  form,  the  upper  and  lower  edges  being  curved 
and  parallel,  with  the  upper  Hne  longest.  The  ends  are  straight, 
but  not  parallel,  and  there  are  three  holes  near  the  center.  It  is 
of  grey  striped  slate,  and  was  found  near  the  Oneida  River,  Fig. 
218  has  curving  sides  which  do  not  reach  a  point  at  the  ends.  It 
is  of  brown  slate,  and  the  edges  are  moderately  convex.  It  has 
two  holes,  and  the  length  is  five  and  one  half  with  a  width  of  two 
inches.  It  was  found  west  of  Onondaga  Lake.  Fig,  223  is  of 
similar  but  broader  form,  and  has  two  holes,  perforated  mainly  from 
one  side.  The  stone  is  striped  with  cream  color  and  purple,  and  is 
of  handsome  material.  It  was  found  near  Beaver  Lake,  Lysander, 
and  is  six  inches  long  by  one  and  three  quarters  wide.  Fig.  224 
is  a  curious  gorget  found  in  the  western  part  of  Onondaga  County. 
The  base  and  top  are  slightly  convex,  and  the  lateral  edges  are 
concave.  Two  of  the  angles  are  rounded.  It  has  two  holes,  and  is 
sharp.  The  length  is  four  and  one  half  and  the  extreme  width  two 
inches.     The  material  is  striped  slate. 
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A  very  pretty  elliptical  gorget  of  dark  green  striped  slate  is  from 
the  Oneida  River,  and  has  two  holes.  It  is  two  and  seven  eighths 
by  one  and  one  fourth  inches.  A  very  large  and  thin  one  from 
the  same  river,  has  two  small  holes.  It  is  of  green  striped  slate, 
and  nearly  rectangular.  The  dimensions  are  seven  and  one  fourth 
by  three  and  three  fourths  inches.  One  of  polished  sandstone,  but 
with  a  sharp  convex  edge  is  from  Black  Creek,  near  Oneida  Lake. 
The  form  approaches  the  triangular,  and  it  is  seven  inches  long  by 
three  and  three  eighths  wide.  There  is  but  one  hole.  This  seems 
more  like  an  implement  than  most,  but  sharp  edges  are  not  un- 


Those  with  notches,  also,  are  not  rare.  One  of  black  slate,  from 
Lake  Champlain,  has  notched  ends  and  but  one  hole.  It  is  seven 
inches  long  by  one  and  seven  eighths  wide.  Others  might  be  de- 
scribed from  Chautauqua  County,  with  this  feature,  as  well  as  from 
other  places.  In  fact  they  were  so  striking  a  part  of  personal 
decoration  in  early  days,  that  they  may  be  said  to  occur  everywhere. 


Grooved  axes  are  extremely  rare  in  most  parts  of  Vermont. 
New  York  and  Canada,  though  not  altogether  unknown.  Out  of 
419  in  Mr.  Douglass'  collection  but  two  were  from  New  York,  and 
Dr.  Rau  figured  none.  Mr.  Gerard  Fowke  said, '  In  the  eastern  and 
interior  States  the  grooved  axes  are  far  more  abundant  than  the 
celts  of  the  same  size,  because,  as  a  rule,  only  the  larger  implements 
of  this  class  are  grooved.  All  the  ordinary  varieties  of  axes  and 
hatchets  are  found  about  I.ake  Champlain,  by  far  the  most  abund- 
ant being  celts  or  grooveless  axes.'  Between  there  and  Lake  Erie 
a  grooved  axe  is  a  rare  find  indeed.  In  the  later  days  they  were 
not  in  use  among  the  Iroquois  as  far  as  appears,  and  it  may  be  ques- 
tioned whether  some  occasionally  found  in  New  York,  may  not  in 
some  instances  have  been  lost  by  collectors. 

In  his  history  of  Onondaga,  Mr.  J.  V.  H.  Clark  represented  that 
hundreds  of  these,  particularly  described,  had  been  found  on  an 
Eibridge  site,  but  farther  inquiry  proved  this  an  unaccountable  mis- 
take.    They  sometimes  occur,  but  are  evidently  foreign  to  the  soil. 
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Fig.  215  is  a  narrow  form,  of  light  greenish  stone  with  a  groove  all 
around.  This  is  reduced  in  the  figure  and  is  from  Jefferson  County. 
Some  occur  of  the  more  typical  forms,  specially  in  the  southwest- 
ern part  of  the  State.  They  are  said  to  be  more  numerous  east  of 
the  Mississippi  than  west,  but  this  may  be  due  to  the  number  of 
collectors.  The  southern  Indians  have  used  them  in  historic  times. 
The  single  grooves  were  for  attaching  the  handles,  and  sometimes 
there  are  double  grooves.  They  have  been  used  by  the  Pueblo 
Indians. 

While  so  rare  in  New  York,  Dr.  Abbott  reported  many  from  New 
Jersey,  and  from  every  part.  One  axe  weighed  nearly  14  pounds, 
and  several  large  caches  of  these  implements  have  been  found  there. 
One  contained  120  axes.  Among  three  from  Tioga  County,  N.  Y., 
was  one  of  eight  pounds.  There  were  none  in  the  Wagman  col- 
lection at  Saratoga. 

Celts  and  gouges  are  sometimes  roughened  or  grooved  for  secur- 
ing the  handle,  and  a  tew  broad  axes  rather  suggest  than  have  the 
groove.  Fig.  219  is  a  flat  axe  of  brown  sandstone,  not  grooved 
across  the  surface,  but  with  a  deep  and  broad  notch  in  each  lateral 
edge.     It  is  a  rare  form,  altogether  unlike  the  typical  implement. 

FOLISHBD  PERFORATORS 

Fig.  221  is  a  neat  polished  perforator  of  brown  sandstone,  from 
Madison  County.  It  is  two  and  three  eighths  inches  long,  and  much 
like  some  bone  perforators  in  general  appearance.  Those  like  this 
are  rare,  for  the  early  comers  used  flint,  and  the  Iroquois  very  much 
preferred  horn  and  bone,  yet  these  seem  to  have  belonged  to  them. 

Fig.  222  is  from  the  same  place,  and  is  notched  and  more  angular. 
The  broadest  part  is  near  the  point.  This  is  two  and  three  fourths 
inches  long.  Another  of  black  basalt,  with  an  oblique  central  notch, 
comes  from  the  Nichols  Pond  site,  the  Oneida  town  of  1615,  It  is 
three  and  one  eighth  long  by  five  eighths  of  an  inch  thick.  This 
is  decisive  of  its  Iroquois  use,  but  such  a  splinter  of  stone  might 
be  ground  as  easily  as  bone,  the  general  form  being  the  same. 

OROOVBD  BOVLDBIRS 

In  the  Onondaga  and  Seneca  territory  specially,  are  found  large 
boulders  with  straight  grooves,  from  one  to  seven  in  number,  and 
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very  uniform  in  depth  and  width.  Occasionally  small  stones  are 
grooved  in  the  sam'e  way.  Fig.  241  is  a  reduction  of  one  of  these 
from  the  Minden  earthwork,  south  of  Fort  Plain.  It  is  a  block  of 
sandstone,  15  by  18  inches  across,  and  has  two  grooves  of  the 
usual  width  and  character. 

Another  of  these,  but  much  smaller,  comes  from  Schoharie,  and 
is  five  and  three  fourths  by  three  and  three  fourths  inches.  This 
has  three  parallel  and  one  cross  groove,  but  they  are  reported  much 
narrower  than  usual,  being  but  little  over  a  quarter  of  an  inch  wide. 
The  block  is  of  grey  sandstone.  Another  small  one  comes  from 
Frenchman's  Island,  in  Oneida  Lake.  In  this  the  groove  is  three 
quarters  of  an  inch  wide,  with  another  partly  within  it.  A  few 
other  small  ones  have  been  found,  but  usually  large  boulders  were 
used.  Of  these  larger  ones  Dr.  Rau  mentioned  some  in  Massachu- 
setts and  New  York, 

One  of  clay  slate  and  of  irregular  form  comes  from  Dutchess 
County,  and  is  17  by  13  inches,  and  seven  inches  thick.  It  has  one 
perfect  groove,  now  10  inches  long,  but  originally  more.  This  is  half 
an  inch  wide  and  three  eighths  deep.  Another  groove  is  unfinished. 
One  from  Deming's  Point  is  broken  through  the  center  of  the 
second  groove.  This  is  now  10  inches  long,  but  originally  more. 
The  width  is  five  eighths  and  depth  three  dghths  of  an  inch.  Striae 
appear  in  both. 

The  most  remarkable  of  the  large  grooved  boulders,  is  that  de- 
scribed by  Oark  in  his  history  of  Onondaga,  and  it  was  the  first  to 
attract  much  attention.  The  Gothic  letters  XIIIII  fairly  represent 
the  arrangement  of  the  grooves.  The  boulder  is  of  comiferous 
limestone,  23J  by  22  inches  across.  The  grooves  are  wider  than 
usual,  being  three  quarters  of  an  inch,  and  the  stria  are  obscure, 
The  longest  groove  is  about  15  inches.  It  was  in  the  ravine  by  the 
old  Indian  Fort  in  Pompey,  reputedly  of  recent  occupation. 
Another  from  that  vicinity  is  also  of  limestone,  26  by  22  inches 
across.  There  are  seven  grooves  irregularly  dispersed,  five  eighths 
wide  and  three  eighths  of  an  inch  deep.  The  grooves  are  about 
seven  to  12  inches  in  length.  A  small  block  of  blue  limestone,  much 
weathered,  has  two  grooves.     Another  in  the  same  condition,  has 
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five  grooves,  and  the  block  is  l6  by  i8  inches.  One  of  these  grooves 
intersects  the  rest.  They  are  five  eighths  wide,  and  three  eighths 
of  an  inch  deep.  One  of  red  sandstone,  15  by  18  inches,  has  one 
groove,  14  inches  long,  and  of  the  usual  width  and  depth.  Some  of 
these  Pompey  stones  came  from  historic  sites,  and  were  un- 
doubtedly used  within  the  last  three  centuries. 

A  fine  one  of  sandstone,  from  Yates  County,  has  three  grooves 
about  20  inches  long  and  of  the  usual  width  and  depth.  Another 
has  five  grooves,  and  still  others  have  been  found  there.  Two  were 
found  in  Hector,  Tompkins  County.  One  is  of  slate,  10  by  10, 
and  about  three  and  one  half  inches  thick.  It  has  five  grooves 
across  the  face,  which  are  nearly  parallel.  Four  of  these  are  but 
little  over  half  an  inch  apart,  and  are  half  an  inch  wide  and  a  quar- 
ter deep.  The  fifth  is  a  little  wider.  The  other  stone  is  also  of  slate, 
eight  and  one  half  by  12  inches,  and  three  and  one  fourth  thick.  It 
has  two  grooves,  and  all  these  are  striated  like  the  rest. 

Two  more  in  Pompey  are  on  either  side  of  a  stream,  and  partly 
imbedded  in  the  banks.  The  exposed  part  of  one  is  24  by  30  inches, 
and  the  ends  of  the  five  grooves  are  buried  in  the  earth.  They  are 
nine,  16,  14,  11,  and  eight  and  one  half  inches  long.  The  boulder 
is  common  limestone.  The  other  is  in  the  west  bank  of  the  stream, 
and  is  of  comiferous  limestone,  partly  exposed.  Both  boulders 
extend  into  the  brook.  The  exposed  part  of  this  is  24  by  30  inches, 
and  has  two  grooves,  which  are  nine  and  10  inches  long.  The 
grooves  and  strix  are  carried  through  the  flint  nodules  as  in  the 
others,  a  feature  best  seen  when  the  stone  is  wet. 

The  use  of  these  stones  is  of  interest,  and  nothing  has  been  sug- 
gested but  that  of  straightening  and  smoothing  arrow  shafts,  by 
rubbing  them  in  these  grooves.  There  are  objections  to  this,  but 
they  may  not  be  insuperable.  In  the  case  last  mentioned,  the  point- 
ing of  the  grooves  against  a  steep  bank  would  embarrass  arrow 
making,  the  most  convenient  position  being  parallel  with  the  stream. 
If  the  shaft  were  long  the  difficulties  would  be  increased.  That 
water  and  sand  were  used  may  be  inferred  from  the  parallel  stria, 
and  the  usual  positipn  near  a  stream.  That  the  grooves  were  made 
with  a  purpose  directly  connected  with  their  size,  may  be  inferred 
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from  the  unitormity  of  that  size,  and  the  absence  of  narrower  and 
shallower  grooves.  As  to  the  period,  they  may  have  been  in  use  in 
Onondaga  County  and  vicinity  for  a  hundred  years  after  the  form- 
ing of  the  Iroquois  League,  but  probably  less. 

The  Indians  of  the  present  day  have  simple  methods  of  arrow 
making,  and  whether  their  fathers  made  these  grooves  with  so  much 
labor,  for  this  purpose,  may  be  a  question  still.  The  strong  point 
is  that  there  is  no  other  apparent  use  for  them. 

Grooves  of  another  kind  are  not  rare,  and  among  these  are  the 
sharper  cuts  made  by  sharpening  tools  on  boulders.  A  large  stone 
was  often  very  convenient  for  this  purpose,  and  some  may  still  be 
seen  on  old  village  sites.  As  the  Indians  learned  to  melt  and  cast 
metals,  they  sometimes  made  use  of  a  small  stone  for  a  matrix,  and 
such  stones  are  occasionally  found.  So  are  whetstones,  easily 
recognizable  by  their  marks  of  use.  They  are  commonly  slender 
and  small- 
After  the  foregoing  was  written,  Mr.  A.  G.  Richmond  described  a 
large  grooved  boulder,  weighing  1970  pounds.  Of  this  he  says, 
'  There  are  three  grooves  at  one  end,  pretty  well  off  on  the  slope. 
Three  more  toward  the  center,  and  a  seventh  one  started  in  the 
center.'  He  thinks  they  were  certainly  used  in  working  arrow 
shafts,  and  while  there  are  certain  difficulties  in  the  position  of  those 
found  in  place,  he  makes  suggestions  worthy  of  consideration. 
These  are  quoted  here,  '  Nfy  theory  is,  and  it  would  answer  on  every 
stone  I  have  seen,  that  they  sat  astride,  and  worked  the  arrow  in 
front  of  them,  as  my  observation  is  that  they  all  have  grooves  across, 
rather  than  lengthwise  of  the  stone.  Another  thing  makes  me  think 
they  were  made  for  this  purpose,  and  that  is  that  when  the  groove 
reaches  a  width  sufficient  for  the  maximum  size  of  arrow  shafts, 
they  proceed  to  make  a  second  groove.  If  it  was  for  some  purpose 
that  did  not  require  a  uniform  or  absolute  size,  one  groove  would 
answer  every  purpose.' 

The  crosswise  grooving,  however,  while  general  is  not  invariable. 
The  uniformity  of  the  grooves,  of  which  he  speaks,  is  one  of  the  re- 
markable features  of  these  curious  stones. 
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Fig.  220  is  an  elliptical  brown  sandstone  pebble,  two  and  one  six- 
teenth inches  long  by  seven  eighths  of  an  inch  wide,  and  having  a 
central  groove  and  notched  ends.  It  may  have  been  a  sinker. 
Fig.  236  is  a  perforated  ball  from  Elbridge,  found  near  an  earth- 
work. It  is  a  soft  brown  sandstone,  one  and  seven  eighths  wide  by 
one  and  three  eighths  inches  deep.  The  top  and  the  bottom  are 
unequally  flattened,  and  the  diameter  of  the  opening  is  less  than  an 
inch,  A  curved  yellow  stone,  much  like  a  horn  in  outline,  is  per- 
forated at  the  broad  base.     It  comes  from  the  Oswego  River. 

Many  years  ago  3  fine  carving  made  from  the  black  slate  of  the 
northwest  coast,  and  in  that  style,  was  found  in  Tioga  County,  but 
whether  it  was  brought  by  an  Indian  or  lost  by  a  white  man,  may  be 
a  question.  It  is  a  characteristic  piece,  and  of  its  ultimate  origin 
there  can  be  no  doubt.  A  Sandwich  Island  adze  was  found  in  Mar- 
cellus  some  years  since,  but  the  cause  for  this  seems  clearer.  It 
was  brought  there  by  a  recent  traveler,  was  lost  and  found  again. 
Similar  instances  might  be  cited  of  unexpected  articles  found  even 
in  Indian  hearths  and  graves. 

Mr.  Fowke  considered  stone  cones  rare  in  the  South  and  West, 
and  they  are  still  rarer  in  New  York.  A  true  stone  cone,  however, 
comes  from  Jefferson  County,  and  is  two  inches  high.  They  have 
been  reported  nowhere  else,  but  small  pyramids  occur.  A  pebble, 
flattened  like  a  muller,  has  a  groove  lengthwise  from  the  fiat  surface 
at  each  end.  It  is  four  inches  long,  and  comes  from  Cayuga 
County,  where  other  odd  forms  are  found.  An  oval  pebble,  with 
perforations  representing  eyes,  has  its  edges  chipped.  This  is  from 
Brewerton,  but  similar  things  occur  elsewhere,  being  usually  recent 
forms.  Many  puzzling  pieces  are  probably  unJinished,  and  of  the 
intention  of  others  we  know  very  little.  Some  doubtful  forms  have 
been  passed  over,  there  being  no  present  occasion  lo  discuss  their 
authenticity,  while  others  of  undoubted  value  have  been  regretfully 
left  unnoticed. 

Plates,  blocks  and  ornaments  of  mica  have  been  found  in  Cayuga, 
Cattaraugus,  Chautauqua,  Chenango,  Monroe,  Oswego,  Suffolk, 
and  perhaps  other  counties.     They  are  quite  rare. 
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While  the  Iroquois  made  many  records  by  pictures,  these  were 
usually  on  wood  or  bark,  but  sometimes  were  painted  on  stone. 
Such  examples  were  known  in  St,  Lawrence  and  Montgomery 
counties.  No  engraved  pictures  in  rocks  have  been  reported  here, 
but  a  few  occur  in  large  stones,  notably  on  the  Hudson.  There  is 
an  account  of  footmarks  in  stone  in  Suffolk  and  Westchester  coun- 
ties, and  in  the  latter  mortars  are  common,  excavated  in  the  rocks. 

Stone  heaps  occur  sparingly  all  over  New  York,  and  there  are 
frequent  allusions  to  the  aboriginal  custom  of  casting  stones  on  such 
heaps,  in  early  records.  The  stone  heap  near  Schoharie  creek  was 
the  most  noted  of  such  monuments,  and  was  constantly  added  to 
as  late  as  1753,  if  not  later.  Such  heaps  sometimes  covered  graves, 
but  not  invariably.  The  Schoharie  tumulus  was  reported  as  four 
rods  long,  between  one  and  two  wide,  and  from  ten  to  fifteen  feet 
high,  being  of  the  largest  size.  An  early  account  of  it  will  be  found 
in  the  New  York  Documentary  History.  Small  heaps  of  stone  are 
sometimes  found  within  the  lines  of  forts,  gathered  as  defensive 
missiles,  but  they  are  not  conspicuous. 


This  bulletin  completes  a  general  view  of  the  stone  implements 
and  ornaments  of.the  abixigines  of  New  York,  to  which  the  paper 
on  articles  of  chipped  stone  formed  the  introduction.  Abundant 
materials  are  in  hand  for  others  on  the  interesting  earthenware 
of  our  early  inhabitants,  as  well  as  their  articles  of  bone,  horn,  shell, 
wood  and  metal,  of  scarcely  less  interest  and  beauty,  should  it  be 
determined  to  complete  such  a  series.  Any  information  on  either 
rare  or  common  articles  of  this  kind  will  be  gratefully  received. 
Figures  are  desirable,  with  full  descriptions  available  for  record, 
but  specially  notes  of  locality.  This  most  important  point  in  com- 
parative study  should  never  be  neglected.  Of  course  contributions 
to  the  State  Museum  are  very  desirable,  and  many  collectors  may 
be  disposed  to  do  a  public  service  in  this  way,  but  clear  and  full 
notes,  to  be  compiled  and  preserved,  will  be  an  acquisition  of  no 
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small  value.  Maps  of  localities,  with  descriptions  of  sites  and  finds, 
will  be  no  less  prized,  specially  frtnn  places  whra-e  little  has  yet 
been  done.  These  preliminary  bulletins  will  reach  many,  it  is  hoped, 
who  will  take  an  active  interest  in  the  matter.  There  are  many  good 
private  collections  of  aboriginal  articles,  and  a  simple  systematic 
description  of  the  New  York  relics  in  these  would  be  a  great  aid 
in  scientific  research.  It  is  a  work  in  which  many  might  and 
should  share,  and  the  prospective  results  are  great  indeed. 
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EXPLANATION  OF  PLATES 
Many  figures  are  greatly  reduced  for  lack  ot  space,  and  ft  r  convenience 
in  airangeracnt  some   small  ornaments  are  not  placed  in  consecutive 
order.     For  full  descriptions  given  in  bulletin,  see  index  under  Plates. 
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PREFACE 

It  has  been  the  experience  of  the  Birector  of  the  State  Museum 
that  a  majority  of  the  visitora  to  the  Geological  Hall  have  not 
had  the  advantage  of  an  elementary  training  in  geology  and 
therefore  do  not  obtain  from  the  collections  snch  information  aa 
they  might  receive  it  they  fully  understood  their  purpose  and 
value.  This  atatement  applies  both  to  the  majority  of  the  adult 
vimtors  and  to  the  pupils  of  the  variouB  schools  who,  with  thedr 
teachers,  visit  the  geologic  collections  every  year.  With  this 
fact  in  view,  it  seemed  important  to  prepare  a  Guide  to  the  Stndy 
of  the  Geologic  Collections  which  could  be  eold  at  a  nominal 
price  and  therefore  placed  within  the  reach  of  all  who  might 
need  it. 

As  the  function  of  <a  geologic  museum  is  to  aid  in  the  stndy  of 
geol(^y,  the  purpose  of  this  guide  is  to  supplement  the  coUec- 
tjona  with  such  general  information  as  cannot  be  given  by  cabinet 
specimens  and  to  direct  the  visitor  to  reliable  sources  for  more 
detailed  information. 

In  1861,  Mr.  Ledyard  Lincklaen  prepared,  by  direction  of  the 
Regents  of  the  University,  a  Guide  to  the  Geology  of  New  York  and 
to  the  State  Geological  Cabinet,  which  was  published  in  the  Four- 
teenth Annual  Report  of  the  State  Cabinet  of  Natura>l  History. 
This  report  being  now  out  of  print  and  Lincklaen's  'Guide '  having 
been  of  much  use  in  its  day,  though  now  obsolete  in  many  re- 
spects, it  seemed  desirable  to  replace  the  latter  so  far  aa  possible 
by  the  preparation  of  a  new  guide  to  the  study  of  the  collections. 

In  thie  undertaldng  the  attempt  has  been  made  not  so  much  to 
write  a  new  book  as  to  put  into  convenient  form  all  information 
necessary  to  the  purpose  in  view. 
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In  the  following  pages  tbe  general  arraogenieiit  is  similar  to 
that  adopted  in  meet  of  the  geologic  text  books.  The  introduc- 
tory matter  is  n^wly  written  and  also  the  larger  portion  of  the 
chapters  on  the  Archaean  and  Cambrian  rocks.  The  Cambrian 
below  the  Potsdam  was  not  known  as  each  in  Lancklaen's  time 
and  was  not  discuBsed  by  him.  The  description  given  herewith  is 
taken  chiefly  from  the  work  of  0.  D.  Walcott,  Bulletin  of  the 
U.  S.  Geological  Surv^  No.  81.  The  Palaeozoic  strata  of  New 
York  from  the  Potsdam  to  the  Catskill  were  well  known  to  the 
members  of  the  original  geological  corps,  Hall,  Mather,  Emmons 
and  Vanuxem  and  Lincklaen's  interpretations  of  their  published 
results  were  so  satisfactory  that  In  the  present  work  his  descrip- 
tions of  these  formations  have  been  used,  so  far  as  practicable, 
with  such  corrections  and  additions  as  were  necessary  to  express 
our  present  knowledge. 

In  making  these  corrections,  the  statements  of  the  original 
corps  of  geologists  and  of  the  later  geologists  who  have  worked 
in  New  York  have  been  freely  quoted. 

The  deecriptions  of  the  Mesozoio  and  Cenozoic  ages  have  been 
newly  written. 

Lincklaen's  descriptions  of  the  fossils  of  New  York  are  not 
wholly  accurate  in  the  light  of  modern  knowledge  and  in  order 
to  save  time  in  revision  and  the  considerabl.'  space  needed  for  a 
proper  presentation  of  the  subject,  they  have  b(;en  omitted.  Eef- 
erences  are,  however,  given  to  tbe  proper  authorities  and  it  Is 
hoped  that  the  State  Palaeontologist  may  prepare  a  handbook  on 
this  important  subject. 

The  chapter  on  economic  geology  is  abridged  from  Bulletin  15 
of  the  New  York  State  Museum,  with  some  additions. 

The  illustrations  are,  to  a  large  extent,  new  and  it  is  believed 
that  the  representation  of  typical  sections  and  exposures  by 
photographs  is  more  satisfactory  than  by  the  more  common  dia- 
grams. 

It  is  to  be  regretted  that  it  was  not  possible  to  make  a  series 
od  photographs  complete  in  each  geologic  series,  but  no  opportun- 
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ity  wag  afforded  for  this.  The  photographs  of  Dr.  Heinrich  Biefi 
and  Prof.  I.  P.  Bishop  were  chiefly  made  for  the  New  York  State 
Moseom.  The  photographs  by  N.  H.  Darton  are  from  the  collec- 
tion of  the  Geological  Society  of  America,  aiud  printed  through 
the  courtesy  of  the  United  States  Geological  Survey;  many  of 
these  have  already  appeared  in  the  report  of  the  State  Geologist. 
The  remainder  have  been  secured  from  varioas  sources. 

For  many  of  the  general  statements  concerning  the  ages  and 
oystems  acknowledgment  is  made  to  the  writer's  late  friend  and 
teacher  Dr.  John  8.  Newberry. 

To  Prof.  James  Hall,  State  Geol<^ist,  lihe  writer  is  indebted 
for  numerous  facts  and  conclusionis  concerning  many  of  the 
Palaeozoic  strata  of  New  York. 

As  it  ECemed  desirable  to  provide  a  pamphlet  which  could  be 
distributed  at  cost  price  to  all  visitora  to  the  museum  who  were 
interested  in  the  study  of  the  collections,  the  bulletin  has  been 
made  as  small  as  possible,  but  it  has  much  outgrown  the  dimen- 
sions originally  contemplated. 

Since  the  geologic  collections  of  the  New  York  State  Maseam 
are  not  yet  in  a  state  of  final  arrangement,  no  detailed  reference 
is  made  in  this  bulletin  to  the  museum  cases,  bnt  the  system  of 
labelling  adopted  is  such  as  to  make  it  an  easy  matter  to  refer 
from  the  guide  to  the  museum  specime-ns. 

It  is  hoped  that  this  bulletin  may,  in  its  function  as  a  guide  and 
supplement  to  the  geologic  collections  of  the  State  Museum, 
prove  a  useful  aid  to  beginners  in  geology.  It  aims,  through  its 
text,  to  place  within  (he  reach  of  those  interested,  a  brief  synop- 
sis of  the  geology  of  the  state,  and  by  its  itlustl-ations  made  from 
photographs,  to  show  the  exact  appearance  of  many  typical 
exposures.  It  is  hoped  that  its  readers  will  receive  from  it  a 
general  idea  of  the  New  York  formations  and  will  be  led  to  sup- 
plement by  detailed  study  of  local  geology  the  valuable  general 
text-books  accessible  to  all. 
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It  is  assumed  that  the  student  before  taking  up  geology  has 
had  a  good  general  training  in  physics  and  chemistry,  without 
which  no  proper  understanding  of  the  subject  can  be  had.  An 
elementary  knowledge  of  zoology  and  botany  is  also  indispen- 
sable. 

Frddbrick  J.  H.  Merrill 
Albany,  N.  7. 

January  1, 1898 
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PART     1. 


THE  SCIENCE  OF  GEOLOGY  AND  ITS  HISTORY 

Geolog;  includes  all  knowledge  of  the  origin,  history,  compo- 
Bition  and  structure  of  tlie  earth. 

Before  commencing  to  discuss  geology  in  ita  present  state  of 
progress,  it  is  desirable  to  consider  briefly  its  history  as  a  science. 

The  origin  of  the  world  was  a  matter  of  interest  to  the  earliest 
Oriental  philosophers  no  less  than  to  the  sages  of  Greece,  and 
the  speculations  of  these  early  leaders  in  thought  seem  to  indi- 
cate the  posseseion  of  some  accurate  knowledge,  but  we  must 
date  the  beginning  of  geologic  science  from  the  period  when 
geologic  phenomena  were  flrst  observed  and  correctly  interpreted. 
For  a  record  of  these  earliest  geologic  studies  we  are  mainly 
indebted  to  the  industry  of  Sir  Charles  Lyell.c 

Geology  began,  about  1000  B.  C.  with  the  Egyptian  priests 
who  observed  that  the  limestones  bordering  the  valley  of  the  Nile 
had  been  cut  through  by  erosion  and  that  marine  fossils  were 
exposed.  In  the  sixth  century  B.  C.  numerous  observations  on 
terrestrial  changes  are  ascribed  to  Pythagoras,  and  Xenophanes 
is  said  to  have  observed  and  mentioned  the  occurrence  of  various 
fossils.  Aristotle  and  others  in  their  writings  speak  of  fossil 
fishes.  Attention  was  also  called  by  Aristotle  to  the  changing 
distribution  of  sea  and  land  in  certain  localities.  From  that  time 
to  the  Christian  era,  history  affords  many  records  of  observations 
on  geologic  phenomena  but  no  attempt  was  made  to  reason  from 
the  present  to  the  past  or  to  do  more  than  recognize  terrestrial 
changes  contemporaneous  with  man. 

Some  Arabian  writers  of  the  10th  century  A.  D.  are  credited 
by  Lyell  with  accurate  observations  on  the  origin  of  mountains 
and  certain  changes  of  sea  level,  but  not  till  the  16th  century 
.  'PrinctpUt  of  Otolon 
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did  ChriBtian  nations  give  an;  attentioD  to  geologic  phenomena, 
and  one  of  the  first  men  to  appreciate  and  assert  the  trae  origin 
of  fossils  was  Leonardo  da  Vinci,  the  famous  painter.  In  his 
time,  pablic  sentiment,  influenced  by  monastic  teachings,  was 
BO  biased  that  persons  who  held  the  opinion  that  fossils  were 
the  remains  of  living  forms,  were  subjected  to  perBecution.  The 
orthodox  view  then  was,  that  fossils  were  freaks  of  nature  pro- 
duced by  the  influence  of  the  stars  and  other  mysterious  agencies. 
As  various  religioua  intereBts  were  supposed  to  be  jeopardized 
by  the  more  scientific  deductions,  much  animosity  was  aroused 
by  them. 

After  100  years  wasted  in  fruitless  discussions  on  the  source 
of  fossil  forms,  in  the  beginning  of  the  18th  century  the  theory 
occurred  to  some  that  the  shells  which  were  found  in  the  rocks 
were  relics  of  the  Noachian  Deluge  and  consequently  the  idea 
of  their  organic  origin  was  adopted  by  many  as  a  confirmation 
of  Biblical  history.  This  new  hj"pothesis  lasted  for  nearly  150 
years  and  those  who  dared  to  assert  their  disbelief  in  it  were  ex- 
posed to  persecution  as  unbelievers  in  the  Holy  Scripture. 

During  the  last  half  century  an  invincible  array  of  facts  has 
been  developed  by  diligent  scientific  workers  of  many  nations 
in  geology,  biology,  physics,  chemistry  and  astronomy.  These 
facts  have  been  classified  into  the  science  of  to-day. 

ORIGIN  OF  THE  EARTH  AND  ITS  CRUST 

The  history  of  the  origin  of  the  earth  is  not  found  in  the  stud; 
of  the  earth  itself. 

Geologic  history,  properly  speaking,  begins  with  the  period 
of  the  earliest  geologic  record.  But  no  portion  of  the  first 
solid  crust  of  our  globe  is  known  to  be  exposed  to  view  nor  does 
it  seem  likely  that  any  portion  of  it  will  ever  be  revealed.  Prom 
the  kindred  sciences  of  physics,  cliemistry  and  astronomy,  in 
many  ways,  we  obtain  light  upon  the  origin  of  the  earth  prior 
to  the  commencement  of  the  geologic  record. 
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The  earth  is  to  man,  one  of  the  two  most  Important  members 
of  a  group  of  celestial  bodies  held  in  relation  to  each  other  by 
gravitation,  which  we  call  the  solar  system.  The  center  of 
this  system  is  the  sun,  about  which  revolve  the  planets  with 
their  satellites  and  the  planetoids,  and  without  which  as  a  source 
of  light  and  heat,  no  life  coald  exist  on  earth. 

To  explain  the  origin  of  the  solar  system  the  Nebular  hypothent» 
waa  suggested  by  Swedenborg  and  Kant  and  elaborated  by  La- 
place. Although  not  completely  proveai  it  is  highly  plausible, 
and  answers  most  of  the  conditions.  According  to  this  hypothe- 
sis our  Bolar  system  originated  as  a  vast  nebula,  similar  to 
nebulae  which  now  exist,  in  the  form  of  an  immense  volume  of 
incandescent  gas  rotating  in  space  from  west  to  east,  of  which 
the  limits  extended  beyond  those  of  the  present  solar  system 
which  is  about  5,500  millions  of  miles  in  diameter. 

As  this  mass  slowly  parted  with  its  heat  and  contracted  in 
obedience  to  physical  laws,  its  velocity  of  rotation  would  increase 
and  in  the  peripheral  or  outer  portion  the  centrifugal  force  wonld 
overcome  the  attraction  toward  the  center,  causing  it  to  separate 
from  the  central  portion  in  the  form  of  a  ring.  This  ring  through 
unequal  condensation  would  subsequently  Be  broken,  its  frag- 
ments uniting  by  gravitation  into  a  body  revolving  about  the 
nucleus  and  ultimately  forming  a  planet  or  in  one  instance  a 
zone  of  small  planets,  that  of  the  planetoids  or  asteroids.  This 
process  is  supposed  to  have  continued  until  the  various  mem- 
bers of  the  system  were  set  free;  the  remnant  of  the  much  dimin- 
ished but  still  intensely  heated  nucleus  remaining  as  our  sun 
which  now  has  a  diameter  of  860,000  miles.  The  primary  rings 
after  condensing  into  planets  are  believed  to  have  formed  second- 
ary rings  which  subsequently  broke  and  became  satellites,  except 
in  the  case  of  Saturn  which  still  retains  two  rings. 

Inasmuch  as  some  of  the  planets  near  the  sun  are  denser  than 
those  more  distant,  it  haa  been  suggested  that  in  the  rotation 
of  the  primal  nebula  its  components  arranged  themselves  in  lay- 

oSee  Tounc,  General  Aatrvntmy,  p.  615-28. 
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era  of  different  densities,  the  rarer  snbstances  to  Bome  extent 
occupying  the  oater  portion  of  the  masB. 

If,  88  this  hypothesis  suggests,  our  earth  is  an  integral  part  of 
the  solar  system  we  should  expect  to  find  its  component  elements 
in  the  snn  and  in  the  other  heavenly  bodies,  and  this  expectation 
is  confirmed  by  two  distinct  sources  of  information.  Chemical 
analysis  of  the  meteorites  which  fall  to  earth  shows  that  these 
bodies  contain  many  minerals  which  occur  in  the  earth's  crust" 
and  that  they  do  not  contain  any  elements  which  are  unknoivD 
on  earth.  Of  late  the  application  of  the  spectroscope  to  the 
study  of  the  sun  and  stars  has  established  the  fact  that  these 
celestial  bodies  are  largely  composed  of  the  elements  already 
known  on  earth.  There  are  however  some  lines  in  the  solar 
and  stellar  spectra  which  are  not  matched  by  the  lines  in  any 
terrestrial  spectrum. 

The  conclusion  to  which  we  are  led  by  the  nebular  hypothesis, 
viz.:  that  the  earth  originated  as  a  rotating  mass  of  incandescent 
gas,  is  corroborated  by  its  present  form,  which  is  that  of  a 
spheroid  of  rotation  or  of  a  plastic  body  which,  by  rotation,  has 
become  flattened  at  the  poles.  The  difference  between  the  polar 
and  equatorial  dianftters  of  the  earth  is  about  27  miles. 

Chemical  science  has  established  the  fact  that  all  forms  of 
matter  are  composed  of  one  or  more  of  the  elementary  substances 
or  elements,  of  which  there  are  74.  These  are  all  found  either 
in  the  earth's  crust,  or  in  its  atmosphere;  they  also  occur  in  the 
son,  stars  and  other  heavenly  bodies.  Most  of  these  elements  are 
very  rare  and  do  not  come  to  the  notice  of  the  geologist.  Only 
11  are  important  as  constituents  of  the  earth's  crust.  These  more 
common  elements  are  given  in  the  following  table*  with  their 
proportionate  percentages  as  components  of  the  earth's  crust: 

Oxygen 50 

Klicon 25 

Aluminum 10 

Calcium 4.5 

Magnesdum 3.5 

Sodium 2 

o  The  orutf  ia  the  superficial  portion  of  the  e^rth.  >  Fteetwisb  Otolofg,  p.  10. 
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Potassium 1.6 

Carbon f 

Iron I 

\     2.4 
BnlphDF I 

Chlorine [^ 

Other  elementfi 1 

100 

Chemical  History  op  the  Earth 
Id  -whatever  maDner  our  earth  came  ioto  being,  every  known 
fact  indicates  that  in  the  beginning  it  mnst  have  been  inteDsel; 
heated  and  in  a  gaseous  coDdition.  In  obedience  to  the  laws  of 
matter  such  a  mass  would  constantly  lose  heat,  and  with  this  loss 
of  heat  would  come  a  gain  in  density,  first  at  the  sarface  only,  but 
gradually  progressing  toward  the  center  till  at  that  point  its  con- 
stituent matter  had  reached  at  least  a  fluid  condition.  This  may 
be  the  present  condition  of  the  earth's  interior.  As  an  eminent 
chemist  has  observed,  here  commences  the  chemistry  of  the  earth, 
and  the  probable  course  of  events  can  best  be  stated  by  quoting 
from  the  words  of  the  late  T.  Sterry  Hunt.  As  long  as  the  earth's 
component  matter  remained  in  a  gaseous  condition  and  its  tem- 
perature was  safiQciently  high  to  prevent  the  elements  from  com- 
bining, these  elements  remained  separate,  bat  as  the  temperature 
was  reduced,  chemical  combinations  of  these  elements  became 
possible,  and  those  would  be  flrst  formed  which  were  stable  at  the 
higher  temperature.  The  oxides  of  silicon,  aluminum,  calcium, 
magnesium  and  iron  were  probably  among  the  first  substances 
formed.  At  some  early  stage  of  the  earth's  existence  the  bases 
alumina,  lime,  magnesia  and  oxide  of  iron  were  probably  all  com> 
bined  with  silica  and  that  which  represented  the  earth's  crust 
was  a  fiuid  mass  similar  to  a  lava.  The  carboD,  chlorine,  snlphnr 
and  water  vapor  only  existed  in  the  primeval  atmosphere,  which 
must  then  have  been  too  acid  to  permit  the  existence  of  any  form 
of  life,  aa  it  would  probably  have  destroyed  animal  or  vegetable 

1  Chemical  and  Geological  Eisa; i,  pp.  37  et  seq. 
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tissue.  As  the  primeval  temperatnre  fell,  the  acid  atmoBphere 
would  react  on  the  lava-like  crust  and  where  the  temperature  fell 
below  the  boiling  point  of  the  acids  which  composed  the  atmos- 
phere, the  water  of  the  globe  would  be  highly  charged  with  salto 
resulting  from  the  chemical  action.  With  the  continued  fall  of 
temperature  the  chlorine  and  sulphur  would  be  gradually  removed 
from  the  atmosphere  until  the  composition  of  the  latter  became 
similar  to  that  of  the  present  day,  though  contajuing  more  car- 
bonic acid  gas. 

This  chapter  in  the  earth's  history  has  been  so  well  translated 
by  the  aid  of  chemical  science  that  there  is  no  reason  to  questioD 
its  accuracy,  but  we  do  not  know  in  detail  the  history  of  the  mas-' 
sire  rocks  and  gneisses  which  are  now  the  oldrat  formations 
known.  It  also  is  probable  that  a  long  period  of  time  elapsed  be- 
tween the  formation  of  the  primeval  ocean  and  the  dawn  of  life 
therein.  Science  has  not  yet  taught  us  how  to  measure  the  length 
of  this  period  or  how  to  recognize  the  details  of  earth-building 
which  occurred  in  it. 

Present  Condition  of  the  Earth's  Interior 
It  baa  been  found  by  obs^vajtions  taken  in  deep  mines  and 
wells  that  in  going  toward  the  center  of  the  earth,  the  tempera- 
ture increases  approximately  at  the  ratio  of  1  degree  Fahrenheit 
to  51  feet  of  depth."  At  this  rate,  a  temperature  would  prevail 
at  the  depth  of  50  miles  at  which  all  known  substances  would 
be  fused.  On  this  basis  rests  the  theory  of  a  molten  interior, 
which  ia  corroborated  by  various  volcanic  phenomena.  All 
through  the  historic  period  and  through  long  geologic  ages 
before,  volcanoes  have  poured  out  from  subterranean  sonrces 
vast  quantities  of  molten  rock.  PhysicistB  who  have  inves- 
tigated this  matter  claim  that  if  the  interior  of  the  earth 
wen;  fluid,  the  crust  would  yield  to  the  attraction  of  the 
moon  and  that  the  phenomena  of  tides  would  occur  wiLhin  the 
earth  itself.  It  also  appears  that  the  great  pressure  on  the  in- 
ternal mass  must  keep  it  in  a  condition  of  solidity.  In  this  con- 
nection it  is  pointed  out  that  volcanic  phenomena  occur  along 
"  The  extreme  ratios  we  1  -r  40  uid  1  -r  80. 
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lines  of  monntain  maMng  and  tliat  probably  the  oatflows  of 
molten  rock  are  doe  to  local  relief  of  pressure  by  some  upward 
moTemeot  within  the  moantaJD  masses. 

Envelopes  of   the  Earth 

The  earth,  besides  posseamug  a  solid  crust  and  an  intensely 
heated  interior,  has  two  fluid  envelopes. 

The  gaseous  euTelope  or  atmosphere,  which  consists  of  the  air 
we  breathe,  surrounds  the  entire  globe. 

The  liquid  envelope,  of  which  the  various  portions  are  known 
as  oceans,  seas,  gulfs,  bays,  lakes,  etc,  envelops  the  globe  only 
in  part,  the  exposed  portions  of  diy  land  being  known  as  islands 
and  oontinentB. 

These  two  envelopes,  under  the  influence  of  physical  forces,  are 
very  active  agents  of  destruction,  transportation  and  deposition 
in  their  action  on  the  earth's  crnst. 

The  present  relations  of  the  envelopes  to  the  continents,  the 
forme  of  the  latter,  the  causes  of  climate,  the  origin  of  the  winds 
and  ocean  currents  are  usually  discussed  under  the  head  of 
physical  geography.  Aa  this  subject  is  not  at  present  illustrated 
in  the  State  Museum,  the  student  is  referred  to  the  many  excel- 
lent text-books  on  this  science. 

COMPONENTS  OF  THE  EARTH'S  CRUST,  MINERALS 
AND  ROCKS 

He  earth's  crnst  consists  of  aggregates  of  matter  which  occur 
in  ertratjfled  and  unstratifled  masses  and  are  known  as  rocks. 
The  chemical  combinations  which  form  these  rocks  either  singly 
or  in  mixture  are  called  minerals.  The  minerals,  therefore,  all 
possess  a  definite  chemical  composition  which  can  be  expressed 
by  fonnulsB,  Bocks  vary  in  composition,  as  they  consist  of  one 
or  more  minerals.  The  rocks  which  are  mixtures  of  several  min- 
erals vary  in  compointion  as  the  proportions  of  their  components 
vary;  and  it  is  possible  for  specimens  taken  from  the  same  rock 
mass  to  difTer  in  chemical  composition. 
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Minerals 

Mioeralg  are  daasifled  by  their  chemical  composition  and  bj 
t!he  geometric  fonuB  which  they  assame  in  cr^Btallizatioa,  each 
mineral  having  a  certain  range  of  forms  from  which  it  cannot 
depart*  '  i 

These  forms  are  grouped  in  six  systems  named  as  follows: 
Isometric,  Tetragonal,  Hexagonal,  Orthorhombic,  Monoclinic  and 
Triclinic.  These  systems  are  characterized  by  and  named  in  ac- 
cordance with  the  number  and  relation  of  the  axes  about  which 
the  external  geometric  faces  are  developed.  In  physical  relation 
with  these  axes  are  distinct  optical  properties  which  can  be 
determined  by  cutting  the  minerals  in  very  thin  slices  and  exam- 
ining these  by  means  of  optical  instruments.  While  there  are 
over  700  recognized  mineral  species,  only  a  small  number  are 
important  to  the  geologist  as  rock  making  minerals.  Of  these  a 
f<Mv  are  sometimes  found  to  be  the  single  components  of  entire 
rock  masses. 

Quartz,  the  crystalline  form  of  silica,  is  frequently  found  in 
large  masses  in  mineral  veins  and,  in  its  fragmental  form,  con- 
stitutes beds  of  gravel  and  Sand  when  loose  and,  when  solidified 
by  cementation,  forms  conglomerates,  sandstones  and  quartzites. 

Caldte  and  aragonite  are  two  crystalline  foinns  of  carbonate 
of  lime,  the  former  of  which  is  the  chief  constituent  of  many 
great  beds  of  limestone;  the  latter  is  usually  deposited  by  water 
in  forms  called  stalactites,  calcareous  tufa,  travertine,  etc. 

Dolomite,  the  double  carbonate  of  lime  and  magnesia  wholly 
or  in  part  forms  extensive  strata  of  magnesian  limestone. 

Kaolinite,  the  hydrous  silicate  of  alumina,  is  also  a  very  prom- 
inent mineral  in  rock  masses.  In  its  pure  condition  it  forms 
beds  of  potter's  clay,  and  mingled  with  various  kinds  of  rock- 
dnst  it  constitutes  extensive  strata  of  clay  and  shale. 

Of  the  minerals  which  mingle  in  the  formation  of  rocks,  the 
most  important  are  quartz,  the  feldspars  and  the  magnesia-iron 
silicates. 

a  For  AQ  elementar;  diBoansioD  of  crystal  lographj  at  well  aa  of  mineralagj  tlie 
Mader  is  refenod  to  Dana's  Manual  of  Uthologg  and  Mi<Mralogs. 
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The  feldspars  are  silicatea  of  alumina  combined  with  potaah, 
Boda  or  lime.  The  more  common  speclea  are:  orthoela8e  aad  mi- 
crocline,  silicates  of  alamina  and  potash. 

AUnte,  silicate  of  alumina  and  soda. 

Anorthite,  silicate  of  alumina  and  lime. 

OUgoclase,  andeitite  and  labradorite,  -which  contain  both  lime  and 
Boda,  and  are  intermediate  between  albite  and  anorthite. 

In  crystallization  orthoclase  is  monoclinlc,  the  others  named 
are  triclinic. 

The  triclinic  feldspars  are  usaally  called  plagioclaae  in  techni- 
cal rock  nomenclature,  and  are  referred  to  collectively  by  thiB 
term. 

The  magnesia-iron  silicates  are  classified  in  three  principal 
^oups,  the  amphiboles,  pyroxenes  and  micas. 

The  amphiboles  are  monoclinic  and  comprise  hornblende,  actino- 
lite  and  tremolite. 

Hornblende  is  a  silicate  of  alumina,  iron,  lime  and  magneeia; 
it  is  very  tongh  and  somewhat  fibrous  in  fracture,  its  color 
varies  from  dark  green  to  blackish  green.  This  is  a  very  import- 
ant constitaent  of  granites  and  other  crystalline  rocks. 

Actinolite  is  a  flbrons  variety,  generally  light  green  in  color  and 
containing  less  alumina. 

Tremolite  is  usually  white  and  contains  but  little  iron  and  no 
alumina.  It  occurs  generally  in  crystals  scattered  through  crys- 
talline limestone. 

Aabeatug  is  a  finely  fibrous  tremolite. 

The  pf/roxenea  have  very  nearly  the  same  chemical  composition 
as  the  amphiboles  and  are  also  monoclinic  but  crystallize  with  a 
different  priBmatic  angle. 

Augite,  which  corresponde  closely  to  hornblende  In  composition 
and  resembles  it  in  many  ways,  is  an  important  constituent  of 
many  eruptive  rocks  such  as  diabase,  basalt,  etc. 

Pyroxene  is  lighter  in  color  than  augite  and  similar  to  actinolite 
in  compositioii. 

Diopside  corresponds  closely  to  tremolite  In  composition  and 
like  it,  ocourB  in  limestones. 
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BeBidee  the  above  species  which  are  monocliDic,  there  is  an 
importaat  group  of  orthorbombic  pyroxenee. 

These  are  hypersthene,  brouzite  and  enatatite. 

Of  the  micas  there  are  many  speciea.  The  most  important 
rock-making  mica  is  Uottte,  a  silicate  of  alnmina,  potash,  iron  and 
magneBia.  It  is  brownish  black  in  color  and  is  abnndant  in  the 
granites  and  gneisses. 

Muscovite,  a  silicate  of  alumina  and  potash,  is  less  important 
as  a  rock  mineral  but  is  valuable  commercially  for  its  thin  trans- 
parent plates  used  in  Btove  doors,  etc. 

The  hydro-micas,  margarodite  and  damourite,  are  similar  to 
the  true  micas  in  composition  but  contain  water. 

Olivine,  or  chrysolite,  ia  a  silicate  of  iron  and  magnesia  which 
occurs  usually  in  small  crystals  or  grains  in  igneouB  rocks.  It 
is  pale  green  in  color. 

Olivine  is  of  special  importance  because  from  it,  by  decomposi- 
tion, is  derived  a  large  proportion  of  the  serpentine  rooks. 

Besides  these  few  minerals  which  are  rasential  components  of 
rocks  and  usually  by  tbeir  presence  or  absence  determine  the 
rock  species,  there  are  others  which  are  only  accessory  and  while 
of  frequent  occurrence  do  not  so  invariably  affect  the  name  of 
the  rock  in  which  they  occur.  Such  are  garnet,  zircon  and 
stanrolite. 

In  addition  to  the  rock-making  minerals  are  those  which  occur 
in  large  masses  in  other  rocks  and  have  a  commercial  value. 
Such  are  corundum,  or  emery,  the  ores  of  iron,  e.  g.  magnetite, 
hematite,  spathic  ore;  coal,  asphalt,  halite  or  rock  salt,  gypsnm, 
the  ore  of  lead  and  silver,  galenite;  the  ore  of  copper  and  gold, 
chalcopyrite  and  graphite  or  black  lead. 

Of  rarer  occurrence  and  great  commercial  value  are  the  gems 
diamond,  ruby,  sapphire,  emerald,  etc.  None  of  these  are  found 
in  New  York. 
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Rocks 

These  are  tbe  materials  of  the  strata  and  other  masseB  which 
form  integral  parta  of  the  earth's  cruet.  The;  may  be  classified 
as  massive  or  igneous,  sedimentary  and  metam^H-phic.  The  re- 
lations of  these  three  natural  groups  may  be  shown  by  a  trian- 
gular diagram,  as  follows: 

Maseive 

or 
IgnoouB 


V 

Sedimentary  bjh«t»nd  pnaum  — __>     Metamorphio 

or 
stratified 


This  is  meant  to  show  that  an  igneous  rock  may,  by  erosion, 
be  reduced  to  sediment  and  laid  down  in  beds,  or  by  heat  and 
pressure  may  be  metamorphosed  from  its  original  massive  con- 
dition and  become  schistose.  A  sedimentary  rock  may  also  pass 
through  the  metamorphic  condition,  become  fused  and  enter  the 
igneous  state.  A  metamorphic  rock  may  arrive  at  the  igneous 
condition  by  heat  and  pressure,  or  may  become  sedimentary 
throngh  erosion  and  deposition. 
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Igneous  r<xM 

The  igoeoae  rocks  are  very  nameronfl,  but  may  be  classifled 
in  a  few  groups  by  mineral  composition  and  textnre.  The  tex- 
ture indicates  usually  the  conditions  of  their  cooling.  If  the 
cooling  occurred  at  a  considerable  depth,  the  proceee  was  grad- 
ual, cryfttalg  of  the  component  minerals  formed  slowly  and  freely, 
and  the  reBulting  texture  is  coarse.  .  If  the  cooling  was  in  the 
open  air,  as  in  a  lava  bed,  the  process  was  more  rapid;  there  was 
not  sufficient  time  for  crystals  to  form,  and  the  resulting 
texture  is  fine  or  glassy. 

The  first  class  is  called  plutonxc,  the  second  volcanic.  Plu- 
tonic rocks  abound  in  the  regions  wbere  old  geologic  formations 
are  exposed,  since  there,  either  the  intrusions  did  not  reach  the 
surface  or  the  surface  material  which  cooled  as  lava  was  re- 
moved by  long  erosion,  and  we  see  only  those  parts  which  were 
deeply  covered  while  cooling.  Examples  of  this  are  seen  in  the 
Palisades  of  the  Hudson;  the  granite  mountains,  Anthony's 
Nose,  Storm  King,  Breakneck  and  other  peaks  of  the  highlands, 
and  in  Mt.  Marcy,  Whiteface,  etc.,  of  the  Adirondack  chain.  The 
volcanic  rocks  are  chiefly  exposed  in  regions  of  the  newer  forma- 
tions because  of  the  deep-seated  plutonic  masses'have  not  yet 
been  brought  to  view  by  .erosion.  The  only  good  exposure  of  this 
character  in  New  York  is  the  mass  of  red  porphyry  or  trachyte 
at  Gannon's  Pt.,  near  Essex,  on  Lake  Champlain. 

This  statement  involves  the  theory  that  every  volcanic  mass 
has  beneath  it,  or  connected  with  it,  a  plutonic  mass  of  the  same 
general  chemical  composition.* 

The  names  of  a  few  important  igneous  rocks  and  their  essential 
compositions  are  given  below  according  to  the  clarification  of 
Rosen  buBch.^ 

■  The  acearate  olawificatioa  of  rocks  dates  from  about  1873.  irith  tbe  develop- 
maatof  taelhodaoFstady  with  the  mieroecope.  Host  ofthe  older  hooka  in  English 
are  mooh  bahind  the  preseut  German  itandard  of  progresB. 

b  MikToakopisohe  Phjiiographie  der  Mineralien  und  Oesteine. 
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(Sedimentary  rocia 
These  are,  for  the  moBt  part,  deposited  in  water,  and  are  of 
three  classes,  mecbaiiicalj  chemical  and  organic. 
The  principal  examples  of  these  are: 

1  Sand,  gravel,  Bandetone  and  conglomerate.  These 
are  the  debriB  of  rocks  containing  quartz. 
Mechaoical  {  2  Clay  and  ehale.  Theae  are  formed  of  the  debris  of 
feldspar  and  the  residuum  from  impure  limestone. 
Tuffs.  Deposits  of  loose  volcanic  materialB. 
fi  Kock  salt  (chloride  of  sodium),  deposited  bj  eva- 
I  poration  from  bodies  of  salt  water. 

Chemical      ■{  5     Gjpsum  (lulphate  of  lime),  deposited  by  erapora- 
]  tion  from  bodies  of  salt  water.     All  sea  water 

V  contains  lulphate  of  lime. 

!3    Limestone,  deposited  in  oceans  from  debris  of 
marine  animals,  corals,  mollusks,  etc. 
7     Coal,  formed  from  accumulations  of  vegetation  in 
marelies. 


MetamorpMo  rocks 

These  hare  been  subjected  to  heat  and  preaaare  nsnally  in  the 
presence  of  moisture,  and  have  lost  their  original  form  and 
structure.     They  include  the  following: 

Qneisa,  which  ordinarily  has  the  same  ctHnposition  as  graDite,o 
with  a  foliated  op  schistose  structure.    ' 

o  lu  modem  uskge  the  word  gntl*t  (Ie8lga»t«a  only  the  ■ohistoM  or  foliated 
■tracture  and  anj  mauive  rook  mnd*  ichiatoM  bf  metamorpbism  is  called  gneiaa. 
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8chi$tf  mica  flchist,  hrdromjca  echigt,  talcoee  schist,  etc. 
Varioas  members  of  the  mica  group  pie;  an  important  part  in 
the  schists. 

Slate.  This  ia  majnly  ahale  hardened  b;  metamorphism  and 
rendered  fissile  by  pressare.  The  roofing  slatee  are  good  ex- 
amples. 

Crystalline  Umeatone.  This  is  sedimentary  limestone  made 
crystalline  by  heat  and  pressure. 

All  kinds  of  igneous  rocks  may  become  schistose  by  metamor- 
pbiem  and  then  receive  names  indicating  their  composition  and 
structure. 

HISTORIC  GEOLOGY 

Historic  geology  treats  of  the  succession  of  geologic  deposits 
and  is  based  on  the  study  of  sedimentary  rocks. 

It  is  estimated  that  the  geologic  series  consists  of  about 
100,000  feet  or  20  miles  thickness  of  sedimentary  strata.  These 
are  beds  of  sediment  chiefly  formed  by  successive  invasions  of 
the  sea  and  the  transi>ortation  and  deposition  by  it  of  debris  de- 
tached from  the  rocks  of  the  mainland  by  rain,  frost,  rivers  and 
the  ocean  waves. 

It  has  been  estimated  that  about  99"  of  all  rocks  are  sedi- 
mentary, and  although  some  of  these  were  formed  in  fresh 
water,  probably  the  larger  part  of  the  sedimentary  rocks  were 
deposited  in  the  ocean.  It  has  consequently  been  said  that 
'  the  sea  is  the  mother  of  continents.'  On  our  Atlantic  coast, 
as  elsewhere,  the  ocean  is  both  a  destructive  and  a  formative 
agent.  As  the  soundings  show,  the  loose  materials  washed  from 
the  land  are  spread  out  about  100  miles  from  the  sbore  line 
in  a  broad,  sloping  plain  of  sand  and  mud.  In  such  submarine 
deposits,  when  uncovered  by  the  ocean's  retreat,  we  find  the 
remains  of  mollusks,  fishes  and  other  marine  forms  of  life.  Be- 
sides, land  animals  are  often  drowned  and  their  bodies  are  carried 
out  to  sea  and  covered  with  sediment,  leaves  fall  on  the  water 
and  sink  to  the  bottom.  Therefore,  in  rocks  formed  in  the  sea 
we  sometimes  find  remains  of  land  animals  and  plants,  besides 
the  marine  forms  which  we  expect.      The  unceasing  action  of 
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rain  and  frost,  rivera,  waves  and  currents  through  all  tim«  has 
led  to  the  deposition  of  a  auccession  o*  strata  which  on  the 
whole  are  anbroken  in  their  sequence,  though  they  have  varied 
BO  much  in  the  areas  of  their  deposition  that  in  no  region  do 
we  find  .the  series  complete.  There  has  been  a  break  of  con- 
tinaitj  in  those  areas  which  for  a  time  were  elevated  above  the 
sea,  but  the  continuity  of  the  geologic  series  has  always  been 
maintained  in  one  area  or  another.  Contemporaneous  strata 
are  found  only  in  those  areas  which  are  simultaneoasly  depressed 
and  which  were  submerged  during  the  same  time. 

Contemporaneous  strata  may  difTer  widely  in  composition 
owing  to  differences  in  material  and  the  conditions  of  their  de- 
position. Thus  the  Fotsdam  'sandstone  in  northern  New  York 
is  contemporaneous  with  a  limestone  in  Saratt^a  and  Dutchess 
connti^. 

As  a  result  of  the  alternating  invasions  and  retreats  of  the 
ocean  over  the  land,  we  find  in  various  geologic  systems  what  is 
known  as  a  trinity  of  formations,''  viz.  a  baae  consisting  of  sand- 
stone or  conglomerate,  a  center  consisting  chiefly  of  limestone  and 
a  summit  of  ahale  or  mud  stone. 

The  cause  of  this  alternation  is  not  fully  known.  The  sand- 
stones and  conglomerates  are  usually  solidified  beach  and  shoal 
water  deposits.  The  slmles  are  solidified  sea  bottom  de- 
posits consisting  of  the  finer  material  carried  from  the  shore 
by  waves  and  currents  and  also  of  sediment  carried  into  the  tea 
by  rivers. 

The  lim^tones  were  probably  formed  in  many  cases  as  at  the 
present  day,  in  warmer  waters,  which  permitted  the  luxuriant 
growth  of  corals,  mollusks  and  other  marine  invertebrates  which 
have  external  skeletons  composed  of  carbonate  of  lime.  In  New 
York  there  were  coral  reefs  in  the  Trenton,  Niagara  and  Cornif- 
erous  periods.  Whether  corals  in  Palaeozoic  time  required  the 
same  warm  temperature  of  water  as  at  the  present  day,  we  do 
not  know. 

a  QeiUe'i  Ttrt  Book  of  O«ologg,     Illrd  Ed.  p.  454. 
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DYNAMIC  GEOLOGY 

Under  this  head  there  is  only  enoagh  space  to  eoamerate  the 
different  agencies  which  are  productive  of  geologic  change  or  are 
asBoclated  with  it.  For  a  detailed  discaasion  the  stndent  ia  re- 
ferred to  the  text-books. 

The  dynamic  agencies  of  geology  may  be  roughly  classifled 
into  two  groups:  hypogene  or  subterranean  and  epigene  or  soper- 
flcial.  Under  the  first  head  the  principal  agencies  are  volcanoes, 
earthquakes,  secular  changes  of  level  and  metamorphism. 
These,  as  their  group  name  indicates,  are  chiefly  controlled  by 
forces  that  work  beneath  the  surface  of  the  earth;  the  second 
or  epigene  group  comprises  those  which  are  chiefly  manifest  upon 
the  earth's  surface.  First  among  these  is  the  air.  Air  in  motion 
or  wind,  is  of  marked  importance  as  an  agent  of  transportation 
as  manifested  in  sand  dunes,  at  places  where  deposits  of  fine 
sand  occur,  chiefly  on  the  sea  shore  and  in  deserts. 

A  more  active  agent  than  air  is  water.  By  the  action  of  its 
terrestrial  forms,  rain,  snow  and  ice  and  by  the  cumulative  forms 
of  these,  rivers  and  glaciers,  the  highlands  are  reduced  and  vast 
amoants  of  material  are  transported  by  the  aid  of  gravity. 

The  oceanic  waters  are  agents  of  destruction,  transportation 
and  formation.  Waves  beat  upon  the  land  and  loosen  fragments 
from  the  rocks  upon  which  they  beat.  These  fragments,  carried 
out  within  reach  of  the  oceanic  currents,  are  borne  along  and 
drop  to  the  bottom  forming  sand  bars  and  other  sab-aqueous 
deposits.  Lastly,  animal  and  plant  life,  both  terrestrial  and 
aquatic,  are  formidable  agents  of  change,  both  destructive  and 
constructive. 

Resume 

Bypogene  or  subterranean  agencies 
Volcanoes 
-  Earthquakes 
Secular  change  of  level 
Metamorphism 
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Erosion  and  eedimentatioD 

Animal  and  plant  life. 

PALAEONTOLOGY 

In  studying  an  extensive  series  of  geologic  formatioDS  from 
bottom  to  top,  we  find  that  through  geologic  time  there  has  been 
a  progressive  advance  in  the  development  of  animal  and  plant 
life  aa  well  as  a  change  of  genera  and  species.  Forms  that  are 
abundant  at  one  horizon  seem  to  have  ultimately  given  up  the 
battle  for  existence  and  disappeared,  their  place  in  nature  being 
Slled  by  others.  Bo  by  careful  comparison  of  the  animal  and 
vegetable  remains  found  in  the  difEerent  systems  and  groups  and 
in  the  minor  Bub-divisions  of  the  groups,  we  come  to  regard  the 
fossils  as  labels  by  which  we  may  know  the  age  of  strata.  While 
there  are  some  persistent  types  which  pass  from  one  system  to 
another  without  material  change,  we  find  that  the  life  character- 
istics of  each  group  are  essentially  distinct.  It  Is  therefore  im- 
portant for  the  &eld  geologist  who  is  studying  the  formations 
above  the  Archaean  to  be  familiar  with  their  fossils  in  order  to 
determine  the  horizons  accurately. 

In  the  older  formations,  plants  were  few  and  elementary  and, 
containing  but  little  mineral  matter,have  not  been  well  preserved 
BO  that  we  depend  more  on  fossil  animals  than  plants  for  the 
identification  of  the  Palaeozoic  strata.  From  the  Uesozoic  on, 
impressions  of  land  plants  are  more  abundant  and  become  of 
much  value  in  palaeontology. 

As  shown  by  the  fossil  remains  discovered  in  rocks  of  diCTerent 
ages,  the  development  of  animal  life  hs»  been  a  gradual  one,  but 
we  are  not  yet  acquainted  with  any  formation  which  contains  the 
earliest  forma  of  lite.  We  begin  our  study,  as  it  were,  at  a  some- 
what late  period  of  life  development,  the  Cambrian,  for  the  fossils 
of  the  pre-Cambrian  rocks  are  not  yet  well  known.    Somewhere 
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and  at  sometime,  ao  opportuDity  will  be  afforded  for  tbe  study 
of  pre-Cambrian  life.  West  of  the  Rocky  mountalDB,  stratified 
deposits  of  great  thickness  are  known  beneath  rocks  of  Cambrian 
age  and  these  may,  in  time,  when  carefully  searched,  yield  an 
abundant  fauna. 

Development  of  Life 

ANIMALS 

In  classifying  the  animal  kingdom,  we  find  that  by  the  presence 
or  absence  of  an  important  feature  it  is  possible  to  place  most  of 
the  forma  in  two  great  sub-kingdoms:  the  invertebrates  and  the 
vertebratt's;  those  without  a  backbone  and  those  possessing  one. 

The  animals  without  backbone  are  considered  lower  in  the 
scale  of  devtjiopment,  aa  they  have,  in  general,  less  intelligence 
and  fewer  resources.  They  are  usually  dependent  for  protection 
on  an  external  skeleton  or  armor  which  encloses  their  soft  bodies. 

The  vertebrate  animals  are,  in  general,  characterized  by  rela- 
tively higher  intelligence  and  have,  at  their  command,  more  ways 
of  protecting  themselves  and  securing  a  living.  The  soft  parts  of 
their  bodies  are  built  around  a  bony  skeleton  and  they  depend 
for  self  protection  more  generally  on  their  activity  ajid  intelli- 
gence than  upon  mere  mechanical  means  of  protection  such  as 
shells  or  armor. 

Among  the  invertebrates  the  cuttlefishes  were  and  are  still 
the  most  highly  developed  type  in  regard  to  siae  and  power  though 
the  crustaceans  are  considered  to  be  more  highly  organized; 
among  the  vertebrates,  man  is  supreme. 

As  we  do  not  know  the  whole  history  of  life  development,  we 
cannot  show  accurately  in  a  diagram  or  scheme  the  relations  of 
the  different  groups.  The  older  arrangement  which  is  still  used 
in  many  text-books  of  geology  is  as  follows: 
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Classification  of  Animal  Life 


I  Mammals 
Birds 
]  Keptilee 
Ampbibians 
t  Fiahee 


Examples 
Man,  cow,  borse,  sheep,  dog,  whale, 

etc 
Owl,  tnrkey.-hawk,  sparrow,  etc. 
Sorpeute,  lizard,  tortoise 
Frog,  toad,  salatDauder 


I 


'Cephalopods       cuttlefish 
Pteropods 

Gasteropoda,       snail,  etc. 
Mullusks  •{  Lamellibranchs,  clam,  oyster,  etc. 
firacbiopods 
TuDJcates 
^ryozoans 


,   ,.  ('Cnistaceans, 

ArtiCQ-       i  ^ 

lates  <  Insects 
l^Worms 


trilobite,  crab,  lobster 


Radiates     Corals,  starfish,  etc. 
Protozoa     Sponges,  foraminifera,  etc. 


This  classification  thou-gh  time-boD'Ored  and  convenient  in  ele- 
mentary palaeonlology,  hos  been  supera^ed  among  zoologists  by 
one  slightly  different,  which  indicates  more  truthfully  the  rela- 
tione of  the  various  groups  or  branches  in  point  of  development. 


.dbyGoOgIc 


imw   TOBX  STATE  WJBXUK 


The  foIlowiDg  diagram  by  Packard"  may  be  takeo  as  repre- 
senting the  modern  view. 


VIII       Tertebrata 
Fishes  to  man 


b-kingdot»i  of  animal  iift 


Vn       Arthropoda 

Orusiaceatia  and  insects 


VI     MoUuBCa* 

Snails,  dams  and  oysters,  cuttlefish 
V     Yennes 
I  Worms 


IV       Echinodermata 
Sea  urchins,  starfish 

III     Coelenterata 
Corals,  jelly  fish,  etc. 


II    Porifera 
Sponges 


I     Protozoa 

Foraminifera,  pdlycystines,  etc. 

aFirst  Lettont  in  Zooloffp,  p.  10 
*  The  Bracblopoda,  TuDioatas  ftod  Brj-ozoaas  are  now  separated  from  the  Mol- 
lasos  iiiCn  Cbe  group  of  Hollnacoidft. 
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PLANTS 

The  following  clasadflcation  will  give  a  general  idea  of  tbe 
development  of  vegetable  life. 


f  Dicotyledons       f 


f  Angiosperins 


4  Phanerogam  ia 
or 
Spermatophyta  } 

I 

I 


}  and  shrub*, 
L  oak,  ash,  etc. 


Monocotyledons  f  Palms 
j  Lilies 
Endogene  "^  Grasses,  etc. 


Gymnosperms  iConifers,  pine,  spruce, 
vCycads 


f  3  Acrogena       t  Lycopods  or  Club  mosses 
or  -j  Ferns 

Pteridophyta    *■  Eqnisetae  or  Horsetails 


2  Anogens  o 

JJryopliyta  \  Liverworts 

I  Thallogens  f  ^""g"         Mushrooms,  etc. 

Qf  )  Lichens 

Th.IlopL,.a  lA,g,e     [H^^' 


This  clae«iflcation  is  not  now  used  in  tbe  more  modern  books 
)n  botany,  but  is  followed  in  most  of  the  text-books  of  geology. 
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PHYSIOGRAPHY  AND  STRUCTURE 

Id  order  to  appreciate  the  position  and  attitude  of  the  geologic 
formations  in  New  York,  it  Ib  neoessary  to  form  a  mental  picture 
of  its  physiography.  For  the  purpose  of  reference  the  following 
terms  may  be  adopted  to  describe  the  principal  physiographic 
divisions  of  tbe  state: 

I  The  Adirondack  upland,  comprising  the  Adirondaj;k  moun- 
tain region  and  the  adjacent  territory. 
II  The  southern  upland;  west  of  the  Hudson  river  and  sonth  of 
tbe  line  of  the  Mohawk  valley  prolonged  to  Buffalo. 

III  The  Highland-Taconic  range;  the  mountains  of  granite  cross- 

ing the  Hudson  river  near  West  Point,  and  those  of  mica 
schist  along  the  New  England  border. 

IV  The  Central  valley,  coosdsting  of  the  valley  of  the  Mohawk 

and  the  low  land  extending  from  it  to  the  Niagara  river. 
V  The  Hudson-Champlain  valley,  including  the  basin  of  Lake 

Champlain. 
VI  The  Coastal  plain,  including  Long  Island  and  soathem  Btaten 
Island. 

As  the  geologic  map  ahows,  the  principal  Palaeozoic  outcrops 
in  New  York  have  three  principal  poention«  and  directions: 

1)  In  zones  encircling  the  Adirondack  iq^land.  These  zones  are 
much  disturbed  locally  by  faults,  so  that  the  outcrops  a.ve  irregu- 
lar, 2)  In  lines  parallel  with  the  Highland-Taconic  range.  This 
mountain  axis  has  a  northeast  direction  in  tbe  Highilands  of  the 
Hudson,  changing  gradually  to  north  in  the  Champlain  valley, 
where  the  Green  mountain  uplift  is  tangent  to  that  of  the  Adi- 
rondacks.  3)  In  east  and  west  lines  across  the  southern  upland 
from  Albany  county  to  the  Niagara  river  and  Lake  Erie,  locally 
intersected  by  river  and  lake  valleys. 

That  portion  of  the  state  bordering  on  the  Pennsylvania  boun- 
dary is  a  high  plateau,  with  summits  about  2000  feet  above  tide. 
Its  surface  slopes  gradually  northward  toward  Lake  Ontario  and 
its  component  rock  strata  slope  or  dip  southward. 
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From  this  it  resultB,  that,  aB  we  go  southward  from  Lake  On- 
tario, we  ascend  in  vertical  aJtitude  and  al«o  in  the  geologic 
column.  Our  youngest  Palaeozoic  roclia,  which  are  Lower  Car- 
bonifOTous,  are  near  the  Pennsylvania  boundary. 

These  physic^rapbic  features  are  well  shown  on  the  accom- 
panying relief  map  of  New  York. 

For  a  detailed  di«cuBsion  of  the  geography  of  New  York  see 
Examination  bulletin  11,  University  of  the  State  of  New  York, 
by  Wm.  Morrie  Davis. 

GENERAL  CLASSIFICATION  OF  GEOLOGIC  TIME 
AND  STRATA 

It  must  be  refiilized  by  the  student  at  the  outset  that  all  classi- 
ficatlon  is  to  some  extent  arbitrary.  There  was  throughout  the 
earth  as  a  whole  a  coaitinuous  process  of  erosion  and  sedimenta- 
tion and  a  continuous  chain  of  life.  Locally,  through  changes  0*1 
level,  sedimentation  was  varied  and  life  interrupted  from  time  to 
time.  For  convenience  in  discussion,  a  scheme  of  arrangement 
haa  been  adopted  which  ia  based  on  the  more  conspicuous  of 
these  breaks  in  life  and  sedimentatioQ. 

According  to  the  classification  most  generally  accepted,  the 
principal  divisions  of  the  geologic  time  scale  are  called  aeons  or 
times  and  designated  by  the  following  names  which  are  based  on 
the  principal  features  of  life  development: 

Cenozoic,  latest  time,  characterized  by  forms  closely  related 
to  those  of  the  present  day. 

Mesozoic,  middle  time  of  life  development. 

Palaeozoic,  early  time;  ancient  forms  of  life  well  developed. 

Proterozoic  or  Agnotozoic,  life  not  well  known  as  yet. 

Archaean  time  of  the  most  ancient  rocks  with  only  suggestive 
traces  of  life. 
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The  aeons  are  subdivided  into  periods  as  follows: 


Cenozoio 


Periods 
J  Qnateniary  or  Pleistocene 
1  Tertiary 

ICretaceons 
Jurafisic 
Triaesic 

f  Carbon  if  erouB  ] 

DevoQian  | 

J  Upper  Silurian  1 

Lower  Silurian  or  Ordovician  ' 

[  Cambrian 

j  Keeweenawan 
(  Huronian 


Reptiles 


\  Not  known  in  New  York 


Proterozoic  or 
Agnotozoic 
Arciiaean,  I 

notyetBub-divided  ( 


The  rock  formations  of  th«  aeone  are  called  series  and  of  the 
periods,  spatems. 

The  systeme  may  be  described  in  general  terms  as  those  divi- 
sions of  the  series  which  are  world-wide  in  their  differentiation. 
The  subdivisions  of  the  systems  which  are  called  groups  are 
chiefly  local  and  variable.     The  groups  are  divided  into  stages. 
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GEOLOGIC  FORMATIONS  OF  NEW  YORK 

New  York  is  the  motber  state  id  geologic  nomenclatare,  and 
the  Dames  chosen  by  its  early  corps  of  geologists  have  been 
adopted  in  a  large  degree  throughout  the  whole  of  the  United 
States.  It  has  moreover,  exposed  within  its  borders,  a  more  com- 
plete and  extensive  series  of  the  formations  below  the  Carboni- 
ferons  and  above  the  base  of  the  Cambrian  than  an;  other  state  in 
the  Union,  It  is  therefore  evident  that  a  complete  and  repre- 
sentative collection  of  the  New  York  rocks  is  of  no  small  import- 
aace  and  the  description  of  its  formations  is  a  matter  of  much 
iatereat. 


Synopsis 


CarboniferooB 


Chem  ung-Catskill 
Portage 


Oriskanj 


Stage 
Clean  Conglomerate  of  Alle- 
gany and  Catt&raitgnci 
counties.  This  is  the 
Pottsville  Conglomerate  of 
Pennsylvania. 

Portage  sandstone 

Naples  beds 

Gardean  shale  and  sandstone 

Cashaqna  shale 

Genesee  elate 

Tully  limestone 

{Encrinal     I  i  m  e- 
itone 
Ludlowville  shale 
MarcelluB  sbale 
Comiferous  limestone 
Cnondaga  limestone 
Schoharie  grit 
Cauda  galli  grit 
Sandstone 
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Gronp  BURe 

(Upper  Pentamerus  IimcBtODe 
Delthyria  shalj  limestone 
Lower  Pentniuertia  limestone 
Shale,    limeBtone,    ealt     and 
gjpBum 

fNi^ra  ehale  snd  limeetone 
Clinton  sandstone,  limestone 
and  eliale 
4  Medina  sandetone 
t  Oaeida  conglomerate 

f  Pulaski  and  Lorraine  Hhales 
Frankfort  elate 
Utica  elate 
'Trenton  1 

Chazy  ) 


Salina 


Medina 


Trenton 


I  Calciferone 
r  Potsdam 
<  Acadian 
L  Georgian 


Sandstone  and  limestone 


Qaartzite  and  slate 
gneisses  and  Q-ranites 


Archaean 

This  name  waa  proposed  by  Prof.  J.  D.  Dana  to  include  those 
ancient  crystalline  rocks,  which  in  nearly  all  countries  are  seen 
to  nuderlle  the  oldest  fosBillferous  strata. 

Although  various  subdivisions  and  classifications  have  been 
proposed  at  times,  in  the  light  of  present  knowledge  their  accu- 
racy is  uncertain  and  they  will  not  be  mentioned  here. 

The  Lanrentian  rocks  of  Canada  may  be  regarded  as  types  of 
the  Archaean. 

In  New  York,  as  elsewhere,  tlds  system  is  represented  by  a 
scries  of  crystalline  rocks  including  gneiss,  granite,  diorite  and 
norite.  Crystalline  limestone  isoftea  associated  with  them,  bnt 
wo  do  not  know  whether  it  should  be  r^arded  as  truly  Archaean. 
These  i-ocks  are  exposed  where  uplifts  from  below  in  early  time 
raised  them  up  to  form  islands  in  the  Palaeozoic  seas,  or  in  later 
time  have  oatised  them  tw  break  through  the  overlying  strata. 
An  instauce  of  the  latter  occurs  at  Littlefalls,  where  the  hard, 
red  and  gray  granite  has  been  forced  op  in  a  dome  and  appears 
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in  the  gorge  of  the  Mohawk  ppotruding  through  the  Hudson 
river  sliale  and  Treut<m  limestone. 

Beneath  the  metamorphic  rocks  of  the  Archaean  and  intersect- 
ing them,  are  found  what  are  known  as  Plutonic*  rocka,  the  pe- 
culiarity of  which  is,  that  they  are  not  found  in  layers  or  strata, 
but  in  solid  miassee,  and  appear  to  have  been  forced  up  from 
below  in  a  plaBtic  coudition.  Thej  form  the  central  mass  ol 
the  Adirondacks,  and  large  areas  of  them  are  found  in  the  High- 
lands and  in  many  parts  of  New  England.  They  were  once  gen- 
erally called  'primary'  or  'primitive',  as  it  was  believed  thai 
they  were  the  original  omst  of  the  earth,  first  formed  in  the  cool 
ing  of  its  melted  mass,  but  it  is  now  doubted  wiiether,  if  such  a 
crust  exists,  it  can  be  identified,  and  many  geologists  think  that 
most  of  the  granites  and  other  plutonic  rocks  are  only  re-melted 
and  altered  forms  of  older  ones.  That  many  such  masses  are 
so,  is  certain;  and  whether  we  can  find  any  which  are  poriiions 
of  an  original  crust  of  the  globe,  is  at  least  very  doubtful. 

Containing  no  fossils,  these  rocks  have  their  chief  interest  in 
their  value  for  economic  uses  in  building  and  other  purposes, 
and  in  the  cabinet  specimens  of  the  minerals-  which  they  so  often 
contain. 

The  Archaean  rocks  cover  two  separate  tracts  of  country  in 
this  state,  one  in  its  southeastern  part  known  as  the  Highlands; 
the  other  lying  in  the  central  portion  of  the  great  Adirondack 
wilderness. 

Various  kinds  of  rocks  are  mingled  over  most  of  these 
areas,  seeming  often  to  change  or  gradually  pass  into  each  other. 
The  metamorphic  masses  of  gneiss,  etc.  are  more  fully  exposed 
(as  a  general  rule)  around  the  edges  of  the  tracts,  where  they 
pass  ander  the  lower  strata  of  fossiliferous  rocks;  while  the 
granite,  hypersthene  and  other  plutonic  masses  are  mme  fully 
developed  near  the  centers  of  these  areas  and  among  the  highest 
of  the  mountains. 

Throughout  the  Archaean  districts  there  are  many  dykes,  or 
veins  of  trap  or  other  igneous  rock  penetrating  masses  of  a  dif- 
ferent character.    Mot  infrequently,  a  mountain  or  hill  shows 

a  Plntouio,  from  Pltilo,  king  of  the  infetnkl  ngions  in  Pagan  mythology. 
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soch  djkes  cutting  ocroea  or  throngb  it  for  a  long  distance,  and 
to  an  nnknown  deptb.  These  represent  cracks  or  clefts  by  wbich 
the  country  has  been  riven  and  which  have  been  filled  by  the  rise 
of  melted  matter  from  below.  They  are  all  eizes,  from  half  an 
inch  to  100  feet  or  more  in  thicknees. 

Plutonic  dykes  are  not  confined  to  Archaean  regions.  Dykes 
of  granite  are  seen  in  many  places  on  3Sew  York  island,  penetrat- 
ing in  every  direction  the  Loiwer  Silnrian  mica-schist  which  forms 
the  masses  of  its  territOTy. 

These  are  examples  of  a  phenomenon  frequently  observed,  viz.: 
a  Plutonic  rock  penetrating  strata  of  Paleozoic  or  later  age. 
They  are  similor  in  their  origin  to  the  oat-flows  of  lava  from 
volcanoee, 

A  prominent  example  of  a  late  plutonic  intrusion  is  seen  In 
the  'palisades '  of  the  Hudson,  which  is  deacnbed  under  the  Tri- 
aesic  rocks. 

The  plntonic  and  metamorphic  rocks  generally  decompose 
slowly  and  produce  a  poor  or  barren  soil.  The  districts  formed  of 
these  rocks  are  the  least  fertile  in  our  state,  except  where  over- 
tying  deposits  of  glacial  drift  and  alluvium  furnish  a  soil  which 
is  adapted  to  tillage  and  the  support  of  vegetation. 
Typical  Localities  of  the  Archaean 

The  most  southern  locality  of  Archaean  rock  in  New  Tork 
state  is  on  New  York  island,  between  Tth  and  8th  avenues 
south  of  155th  street.  This  is  a  good  exiH)sure  and  is  typical 
of  the  Archaean  gneiss  of  soatheasteru  New  York.  This  gneiss 
is  well  shown  throughout  Westchester  county  along  the  shore  of 
the  Hudson,  though  at  a  few  points  Lower  Bilarian  limestone 
and  mica-schist  occur.  A  little  north  of  Peekskill  may  be  seen 
the  granite  moantalns  of  the  Highlands,  which  traverse  Orange 
and  Putnam  counties.  These  are  chiefly  massive,  though  on 
their  flanks  are  some  gneissoid  rocks  and  in  many  of  the  valleys 
are  Palaeozoic  limestones  and  schists.  Other  localities  are  seen 
in  Dover  mountain  and  in  Stissing  mountain  in  Dutchess  county. 
North  of  this  southeastern  area,  the  Archaean  rocks  are  chiefly 
confined  to  the  region  known  aa  the  Adirondack  wilderness. 
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The  principal  gronp  of  moimtaiiiB,  wliich  inclndea  Mt  Marcy,  is 
of  massive  rocks  known  ob  Dorlte  and  anoithosite.  The  pre- 
vailing rocks  of  the  wilderness  are,  however,  gneisses  of  different 
kinds.  In  these  are  many  local  intrusions  of  granite  and  other 
ernptives.  Trap,  serpentine  and  many  other  rocks  of  igneoua 
origin  are  found  in  all  parts  of  the  district.  The  great  route  of 
travel  through  Lakee  George  and  Champlain  ia  bordered  by 
mountoinfl  and  cliffs,  in  which  these  rocks  are  eeen  in  great 
variety. 

In  the  Mohawk  valley  are  small  exposures  of  pre-Cambriau,  at 
Littlefalls  and  near  Spraker's.  These  are  important  localities 
and  show  the  relations  of  the  overlying  Palaeozoic  rocks. 

Proterozoic  or  Agnotozoic 

Bocks  of  this  age  are  not  definitely  known  in  New  York.  They 
are  well  represented  in  the  Lake  Superior  region  by  those  forma- 
tions known  as  Huronian  and  the  copper  bearing  deposits  of  the 
Keeweenaw  peninsnln.  West  of  the  Rocky  mountains,  they  are 
developed  extensively.  All  rocks  between  the  Archaean  and  the 
Cambrian  are  included. 

Palaeozoic 

upon  the  plutonic  and  metamorphic  rocks  of  the  Archaean 
in  Kew  York  rest  directly  the  Palaeozoic  strata  which  are  all 
foesil-bearing  rocks.  The  Palaeozoic  series  includes  all  strata 
from  the  baae  of  the  Cambrian  to  the  summit  of  the  Carbonif- 
erous. 

These  stratified  foesil-bearing  rocks  foi-m  the  greater  part  of 
the  state  of  New  York. 

At  the  beginning  of  the  Palaeozoic,  all  life  was  marine,  prob- 
ably because  the  land  surfaces  were  at  first  too  small  to  materi- 
ally influence  the  evolution  of  living  forms.  In  the  Cambrian, 
crustaceaDS  prevailed,  in  the  I^ower  Silurian  the  Cephalopods  or 
cuttle  fishes,  in  the  Devonian  the  soft  boned  fishes  were  the 
dominant  type,  while  in  the  Carboniferous,  fishes  and  amphibians 
divided  the  honors  of  the  sea  and  the  land. 
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In  like  maDner  plant  life,  beginning  with  marine  formB  of  low 
type,  gradually  developed  to  the  large  tree  ferns,  sigillaria,  Ijco- 
podB  and  eqniBetae  of  the  coal  measures. 

CAMBRIAN" 

Subdivisions  or  periods 

iSandstoTie  aronnd  the  Adiroridacks 
Limestone   in    Dutchess,  Washington    and   Saratoga 
counties 


Georgian 


Limestone  in  Dntchess  county 

{Rooting  slates  of  Washington  county 
Qaartzite  io  Datchess  county 


The  first  and  lowest  Palaeozoic  system  known  in  Kew  York  is 
the  Cambrian,  so  called  from  Cambria,  the  latin  name  of  Wales, 
where  rocks  of  this  age  abound  and  were  first  studied  by  the 
British  geologist,  Adam  Sedgwick.  Our  knowledge  of  the  Cam- 
brian of  New  York  is  largely  due  to  the  labors  of  C.  D.  Walcott, 
William  B.  Dwight,  and  S.  W.  Ford. 

The  base  of  the  Cambrian  system  in  New  York  and  New  Eng- 
land rests  directly  upon  the  Archaean  rocks  and  its  limit  can  be 
recognized  by  this  fact,  as  well  as  by  its  containing  the  earliest 
known  fauna.  But  the  termination  of  the  uppermost  division  Is 
not  so  apparent,  as  it  grades,  both  in  sediment  and  faana,  into 
formations  of  the  Lower  Silurian  system,  thus  showing  that  there 
was  no  great  physical  change  to  infiuence  the  transition.  North 
of  the  Adirondacks  the  delimitation  is  more  clearly  defined. 

The  strata  of  the  Cambrian  system  are  classified  as  follows: 

Upper  Cambrian,  or  Potsdam, 

The  type  rock  is  the  sandstone  of  the  northern  and  easteni 
borders  of  the  Adirondack  mountains,  and  correlated  with  it  are 
certain  limestones  on  the  south  side  of  the  Adirondacks,  near 
Whitehall  and  Saratoga  Springs,  and  in  Dutchess  county  near 
Poughkeepsie.  The  characteristic  fossils  are  the  Dikelocephalna 
trilobites. 
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Middle  Cambrian,  or  Acadian. 

The  type  rocks  are  the  shales  and  slates  of  New  Brunswick, 
Newfoundland  and  Braintree,  Mass.,  and  correlated  with  them 
are  some  limeatonea  in  Dntchesa  county.  The  characteristic  fos- 
eila  are  the  Faradoxldes  trilobitee. 

Lower  Cambrian,  or  Georgian. 

The  type  rocks  are  slates,  limestones  and  the  '  red  sandrock '  of 
western  Vermont;  and  correlated  with  them  the  shales  and  in- 
terbedded  limeBtones  and  roofing  slates  of  Washington  and  Bens- 
selaer  connties.  The  characteristic  fossils  are  the  Olenellos  trilo- 
bites. 

Georgian 

The  lowest  rock  is  a  bedded  qnartzite,  resting  upon  the  Arch- 
aean. This  is  seen  on  the  flank  of  Stissing  mountain,  and  be- 
tween Fishkiil  and  Ponghquag,  in  Dutchess  connty.  From  here 
ite  outcrops  extend  northea«ttt-1y  through  Massaohusetta  and 
Vermont,  where  it  attains  a  great  thickness. 

At  Stissing  mountain  It  passes  above  into  a  limestone  contain- 
ing Lower  Cambrian  fossils.  Above  this  lies  a  considerable 
thickness  of  arenaceous  limestone,  frequently  passing  into  cal- 
careous shale,  and  containing  Middle  Cambrian  fossils. 

Near  Pougbkeepsie  an  extensive  limestone  forma,tioD  contains 
Upper  Cambrian  fossils. 

Northward,  in  Washington  county,  the  qnartzite  1b  r^tresented 
by  a  great  thickness  of  shales,  slates,  sandstones  and  limestones, 
well  shown  along  a  line  between  Greenwich  and  Salem,  and  the 
superjacent  limestones  of  Dntcbess  county  are  entirely  replaced 
in  both  BeuBselaer  and  Washington  counties  by  slates,  shales  and 
sandstones.  Mingled  fossils  of  Lower  and  Middle  Cambrian  are 
found  at  Berlin,  Bensselaer  county.  These  formations  coutinne 
northeastward  into  Canada. 

The  great  belt  of  roofing  slate  in  western  Vermont  and  Wash- 
ington county,  belongs  to  this  (Georgian)  group.  The  greatest 
development  of  this  formation  is  at  Georgia,  Vt.,  from  which 
place  it  extends  southward  into  Washington  connty,  where  it 
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is  quarried  at  Middle  Granville  and  vicinity,  and  broadening 
out  soutbward,  extends  nearly  across  the  southern  part  of 
Rensselaer  connty. 

Acadian 

The  Middle  Cambrian,  or  Acadian,  group  is  not  so  well  de- 
veloped in  New  York. 

Marble  and  limestone  of  this  age  are  found  resting  conform- 
ably upon  the  Lower  Cambrian  rocks  about  Stiesing  mountain, 
EihowD  in  the  cut  tor  the  N.  T.  &  Mass.  R.  R.  near  Stiesing,  and 
extending  into  Ma&sachusettis,  where  the  development  is  greater. 
A  portion  of  the  Stockbridge  limestone  may  belong  to  this  groap, 
though  most  of  it  is  Lower  Silurian. 

Potsdam 

The  Upper  Cambrian,  or  Potsdam,  group  is  exposed  over  a 
larger  area  in  New  York  than  the  two  lower  divisions  and  is 
typically  represented  by  the  Potsdam  sandstone,  which  is  seen 
in  many  places  to  rest  directly  upon  the  Archaean.  It  is  a  hard 
silicious  sandstone  and  an  excellent  building  material,  often 
thinly  bedded  and  usually  reddish-brown  in  color,  though  some- 
tinies  gray  or  buff.  On  many  of  its  layera,  are  waved  surfaces, 
precisely  resembling  the  ripple-marks  seen  on  sandy  bottoms 
over  which  Waters  are  agitated  by  waves  or  currents.  They  were 
formed  iu  the  same  way,  by  movements  of  the  waters  in  which 
were  deposited  the  sands  which  were  finally  hardened  into  the 
Potsdam  sandstone.  Similar  markings  are  frequent  on  almost 
all  sandstones.  The  edge  of  this  formation  can  be  traced  nearly 
all  around  the  region  of  the  Adirondacks,  except  between  Cana- 
joharie  and  Carthage,  and  is  especially  well  seen  near  Keese- 
ville  in  Clinton  county,  where  the  deep  chasm  of  the  Aasable 
river  is  cut  through  it,  showing  333  ft.  of  horizontal  etrata,  at 
Chateaugay  chasm,  where  the  section  exposes  a  thickness  of 
250  ft.,  and  at  Potsdam,  St  Lawrence  county,  from  which  place 
it  received  its  name,  and  where,  in  the  valley  of  the  Raquette 
river  a  thickness  of  70  ft  is  shown. 


.dbyGoOgle 


D,3,l,zedb,G00gle 


«b,Google 


«b,Google 


«b,Google 


i'. 


D,3,l,zedb,G00glc 


«b,Google 


PLATE  XXI.— To  face  pnge  144. 


utTuvGoo^^lc 


«b,Google 


PLATE  X>;i[.— To   fBtc  iiuge  1«. 


.  Clinton  Co. 


(ocGooi^lc 


«b,Google 


«b,Google 


«b,Googlc 


u 


«b,Google 


«b,Google 


GBOLOOIO   FOBH&TIOMB   OF   NEW    TOBK  145 

In  the  northern  part  of  Lewis  county  the  Potedam  sandstone, 
in  a  few  small  exposures,  rests  unconformably  upon  the  Arch- 
aean terrane,  and  passes  above  into  the  Calclferous  formation. 
It  extends  almost  continuously  through  Jefferson,  St  Lawrence, 
Franklin  and  Olinton  counties,  and  appears  southward  id  the 
Champlain  valley  in  irregular  outcrops. 

The  Potsdam,  though  not  seen  distinctly  in  the  Mohawk  val- 
ley (where  its  place  between  the  Archaean  and  the  CalciferouB 
sand  rock  appears  to  be  vacant)  is  a  thick  mass  in  Pennsylvania, 
and  is  known  northeastward  and  northwestward  over  a  great 
area. 

The  base  of  the  Potsdam  at  a  few  places  in  New  Tork  is  & 
coarse  conglomerate  which  gradually  passes  upwaird  into  the 
typical  sandstone. 

Kear  Whitehall,  Saratoga  and  Poughkeepaie,  the  Potadam 
horizon  is  represented  by  a  limestone  and  at  the  two  former 
localities  it  passes  upward  into  the  Calciferous  formation  with- 
out marked  change  except  in  fauna. 

The  characteristics  of  the  Cambrian  strata  lead  to  the  con- 
clusion that  the  sediments  were  accumulated  in  shallow  «eafl 
near  the  shore  of  a  slowly  sinking  land.  As  the  water  slowly 
encroached  upon  the  laad  in  late  Middle  or  early  Upper  Cam- 
brian time,  deeper  water  gradually  covered  the  earlier  long- 
shore deposits,  and  finer  sediments  were  deposited  upon  them. 
Toward  the  close  of  Cambrian  time  (Potsdam)  only  the  higher 
parts  of  the  oontinent  were  above  the  sea.  At  this  time  the 
Potsdam  sandstone  was  deposited  along  the  shores,  while  in 
the  deeper  water  the  conditions  were  becoming  favorable  for 
the  formation  of  the  great  t)eds  of  Silurian  limrstone.  The 
conglomerate  at  the  base  of  the  Potsdam,  grading  upwards  into 
the  finer  sedimeuts  of  the  sandstonp.  indicates  the  deepening  of 
the  water  along  the  shore  line  of  the  Cambrian  ocean. 

At  their  greaitest  development  in  Washington  county,  the 
Cambrian  formations"  have  a  total  thickness  of  10,000  or  12,000 
feet 
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Life  of  the  Cambrian 
So  far  as  we  know,  the  life  of  the  Cambrian  was  wholly  marine. 
No  vertebrates  are  known  to  have  existed.  The  Brachiopods 
were  small.  The  Lamellibranchs,  so  far  as  known,  were  also  very 
small.  There  were  repreBentatives  of  the  groups  of  Pteropods 
and  Gastropods.  Cephalopoda  appeared  in  the  Upper  Cambrian. 
There  were  also  sponges,  and  corals.  The  trilobites,  however, 
were  the  only  forms  which  had  attained  large  size  or  high  de- 
velopment. Besides  these  were  some  other  articulates^  the 
Ostracoids  and  Phyllopods,  and  probably  some  worms.  The 
plants  were  sea  weeds. 

LOWER  SILURIAN  OR  ORDOVICIAN 
This  system  is  a  subdivision  of  the  original  Silurian  system 
which  received  its  name  from  that  of  the  SUurea,  an  ancient  race 
inhabiting  the  eastern  part  of  Wales,  where  Sir  Roderick  Mur- 
chison  studied  these  rocks  in  detail.  The  second  name  was  de- 
rived by  the  British  geologist  Lapworth  from  that  of  the  Ordo- 
vices,  also  an  ancient  British  tribe. 

In  New  York  this  system  is  well  developed  and  includes  the 
following  subdivisions: 

System  Group  Stage 

I  Hudson  river  ehale  and  sandstone 
Utica  slate 
I  rTrenton 

Lower  Silurian  -{  m      .        J  Black  river 
■^Trenton     \^^^^^^ 

I  IChazy 

L  CalciferouB 

Calctferous  Group 

Overlying  the  Upper  Cambrian  or  Potsdam  sandstone  at  many 
points  is  another,  which  contains  a  considerable  proportion  of 
lime  mingled  with  it,  and  from  this  fact  has  received  the  name  of 
the  Calciferous  sandrock. 

It  may  be  described  as  a  ailicioas  or  gritty  limestone,  generally 
of  a  brownish  color,  lying  in  straight,  thin  layers,  and  attaining 
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Lake  Ctiamplain:  it  is  a  fine  grained,  gray,  brittle,  limeatoDe,  30 
feet  in  its  greatest  thickiipss:  and  the  most  conspicuous  of  ita 
fossils  is  one  of  which  the  nature  is  Bomewhat  obscure,  bat  which 
was  regarded  as  the  stem  of  some  marine  plant. 

Standing  in  an  upright  position,  perpendicular  to  the  Btrata  the 
ends  of  the  stems  are  seen  on  the  surface  of  the  layers,  to  which 
they  give  a  peculiar  dotted  appearance,  from  which  the  rock  haa 
derived  its  name,  and  by  which,  as  well  as  by  its  characteristic 
color  and  fracture,  it  is  easily  recognized.  It  is  a  valuable  rock 
for  economical  uses,  as  it  is  a  good  building  stone,  and  dresses  well 
under  the  chisel ;  it  is  quarried  to  a  considerable  extent  at  various 
points  in  the  Mohawk  valley. 

Black  River  Limestone 

To  the  Birdseye  limestone  succeeds  a  thin  mass,  amounting  in 
all  to  only  10  or  12  feet,  but  classed  as  a  distinct  rock  from  having 
a  somewhat  peculiar  mineral  character  and  containing  a  peculiar 
set  of  fossils.  It  is  a  dark,  thick-bedded, compact,  hard  limestone, 
fine  grained  and  taking  a  high  polish,  and  is  worked  as  a  black 
marble  at  Glens  Falls  on  the  Hudson  river,  and  at  Isle  La  Motte 
(m  Lake  Champlain.  It  is  also  well  seen  at  Watertown,  Jefferson 
county,  in  the  banks  of  the  Black  river  from  which  locality  it  has 
been  named. 

In  the  last  place  it  is  lumpy  and  irregular  in  texture,  and  not  fit 
for  good  masonry  or  marble;  and  is  known  among  quarrymen  aa 
'  the  seven  foot  tier.'  In  the  Mohawk  valley  it  seems  to  have  been 
deposited  in  only  a  few  places,  the  Birdseye  being  generally 
covered  directly  by  the  Trenton. 

Trenton  Limestone 
Above  the  Black  river  limestone  (or  where  this  is  absent,  lying 
upon  the  Birdseye),  is  one  of  the  most  interesting  repositories  of 
organic  remains  in  the  state;  a  thick  group  of  limestone  strata, 
usually  black  and  fine  grained  with  seams  of  slate  toward  the 
lower  part,  but  gray  and  crystalline  near  the  top. 
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It  attains  an  entire  tliickDeBs  of  more  than  300  feet,  and,  suc- 
ceeding tbe  lower  rocks  as  already  described,  its  edges  surround 
the  great  Adirondack  region  in  an  almost  unbroken  circuit.  Seen 
at  Glens  Falls  on  the  Hudson,  along  the  Mohawk  at  Fort  Plain 
and  elsewhere,  on  the  west  shore  of  Lake  Ghamplain,  and  at 
man;  points  on  the  shores  of  the  St  Lawrence,  it  also  outcrops 
along  the  valle;  of  the  Black  river  and  is  crossed  b;  West  Canada 
creek  at  Trenton  Falls,  from  which  place  it  takes  ita  name. 

In  many  places  it  furnishes  building  stone  of  excellent  quality. 

Hudson  River  Group 

This  formation,  which  is  next  in  upward  succession,  Is  an  enor- 
mous deposit  of  sandstone,  slate  and  shale.  The  lower  part  of 
the  Hudson  river  group  is  a  fissile  black  slate  about  75  feet  thick, 
known  as  the  Utica  slate. 

The  higher  strata,  to  which  the  name  of  the  Hudson  river 
group  is  more  usually  restricted,  are  gray  slaty  masses,  with 
coarse  sandstones,  especially  toward  the  top,  and  in  some  places 
near  the  summit  of  the  group,  a  coarse  sparry  limestone. 

In  the  eastern  part  of  the  state  these  rocks  are  3,500  feet  thick, 
as  shown  by  a  boring  near  Altamont  in  Albany  county.  They 
are  well  seen  in  the  north  of  Oswego  county,  near  Pulaski,  the 
south  of  Lewis  county  and  the  middle  of  Oneida  county;  also 
through  the  Mohawk  valley,  and  from  Glens  Falls  southward 
along  the  Hudson  river,  from  which  these  strata  take  their  name. 
West  of  Schenectady  they  are  generally  level  and  undisturbed; 
but  near  the  Hudson  river  these  strata  are  upheaved,  broken, 
folded  and  faulted  in  every  conceivable  manner,  as  may  well  be 
seen  in  many  places  near  Cohoes  and  Albany  and  along  the  Hud- 
son river  railroad.  In  much  of  this  disturbed  region  the  rock 
has  been  changed  in  texture  by  the  forces  to  which  it  has  been 
subjected  and  fossils  are  very  rare. 

That  part  of  New  York  lying  east  of  the  Hudson,  and  along 
the  western  border  of  New  England  is  formed  of  an  enormous 
mass  of  upheaved  and  contorted  strata  of  slate,  schist  sandstone 
and  limestone,  which  were  at  one  time  supposed  to  be  older  than 
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the  Potsdam  sandstone,  and  were  called  Taconic.  This  range  of 
rocks  contains  very  few  fossilB  or  none  in  most  localities,  and 
geologiBtB  have  been  obliged  to  Btudy  it  without  the  aid  which 
fossils  would  have  given  in  explaining  the  relation  and  true  posi- 
tion of  itB  confused  and  contorted  strata.  The  general  conclu- 
sion has  been  that  this  Berie«  of  strata  is  not  a  separate  and 
distinct  one,  but  merely  the  eastward  extension  of  the  rocks  older 
than  the  Medina  and  Clinton  groups,  changed  in  character  or 
'  metamorphosed '  by  the  effect  of  heat  and  presBure.  The  work 
of  Walcott  and  others  has  proved  that  most  of  the  schistose  rocks 
are  of  HudBon  river  age,  though  a  portion  of  them  contain  Lower 
and  Middle  Cambrian  fossils  and  are  therefore  distinct. 

In  Westchester  and  New  York  counties,  rocks  of  Hudson  river 
age  cover  large  areas.  They  are,  however,  metamOTphosed  into 
mica  schiBt  and  contain  do  fossils. 

Life  of  the  Lotoer  Silurian 
The  animal  life  of  this  system  was  also  marine  and  cfaieSy 
represented  by  sponges,  corals,  brachiopods,  mollusks  and  crus- 
taceans. Cephalopods  were  the  dominant  forma  and  were  of 
great  size.  Fishes  have  recently  been  announced  by  C.  D.  Wal- 
cott. Ko  land  animals  are  known  to  have  existed  except  some 
insects  reported  from  Europe.  Vegetable  life  was  refwesented 
by  sea  weeds,  though  a  land  plant  has  been  found  in  Great 
Britain. 

UPPER  SILUKIAN  SYSTEM 
The  Upper  Silurian  system,  which  is  the  upper  division  of  the 
original  Silurian  system,  consists  in  New  York  state  of  the  fol- 
lowing diviaions: 

Syitem  Oroup 

rLower  Helderberg 

|Onond,>gaSJtGronp        {  ^fi^f  °" 
Upper  Silarian       \  Niagara 
I  Clinton 
I  Medina 
L  Oneida 
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Generally  apeakiDg,  the  Iow««t  of  these  groups  liee  conform- 
ably upon  the  strata,  of  the  Hudson  river  group, — the  uppermost 
of  the  Lower  Siluriaii, — though  in  eastern  Albany  county  the 
Hudson  river  shales  are  much  disturbed. 

In  regard  to  this  relation  it  has  been  said  by  Dana":  '  Oases 
of  interveoing  erosion  may  be  found,  for  every  period  loses  by 
erosion  a  large  part  of  its  deposition  in  the  supply  of  material 
for  the  beds  of  the  following  period.' 

Oneida  Conglomerate 

The  Hudson  river  group  is  covered  in  many  places  by  a  bed 
of  conglomerate  cousiEsting  chiefly  of  coarse  sand  and  ronnded 
pebbles  of  quartz,  cemented  together  into  a  firm  masB.  Being 
well  developed  in  Oneida  county  soatii  of  TJtica,  it  has  received 
its  name  from  that  of  the  county. 

It  is  the  base  of  the  Lower  Silurian  system.  In  central  New 
York  it  is  but  a  few  feet  in  thickness,  and  indeed  seems  to  be 
entirely  wanting  in  many  places;  but  in  the  lower  Hudson  val- 
ley it  swells  to  a  thickness  of  several  hundred  feet  and  south- 
west of  Rondout  forms  the  Shawangunk  mountain  from  which 
it  receives  the  name  of  Shawangunk  grit.  Prom  this  place  its 
upheaved  edges  may  t>e  traced  in  the  range  of  hills  southeast 
of  the  Delaware  and  Hudson  canal  and  parallel  to  it,  and  the 
same  rock  forms  most  of  the  mountain  range  of  the  Kittatinny 
01-  KIne  Bidge,  along  which  the  Delaware  flows  from  Port  Jervis, 
where  it  leaves  New  York,  to  the  famous  Delaware  Water  Gap 
where  it  cuts  through  the  barrier.  From  this  point,  its  edge 
ranges  southward  to  Virginia.  No  fossils  have  yet  been  dis- 
covered in  it:  indeed  the  rolled  and  worn  condition  of  its  ma- 
teanals  would  indicate  that  it  was  formed  under  agitated  waters, 
which  did  not  allow  the  growth  or  preservation  of  organic 
forms.    ' 

The  well  known  summer  resort  of  Lake  Mohonk  is  on  the 
Shawangunk  grit. 

The  '  Rensselaer  plateau,'  in  Rensselaer  county,  is  an  ex- 
tensive outcrop  of  greenish  conglomerate,  resting  conformably 

a  Uma.  0«cl.  pp.  in 


«b,Google 


153  NEW    YOBE    STATE   MOBBnu 

npoD  the  Hndeon  river  schiste.  fhia  is  probably  eqaivalent  to 
the  Oneida  conglomerate,  or  poseibly  tlie  base  of  the  Medina 
groap. 

The  scarce  from  which  such  enormous  quaJititJea  of  rolled 
pebbles  of  quartz  could  have  been  derived  and  the  mode  by 
which  they  could  have  been  spread  so  widely  over  a  sea  bottom 
is  a  very  obscure  question  in  geology.  Several  other  such  forma- 
tions of  conglomerate  are  known,  two  of  which  occur  at  the 
lower  and  middle  parts  of  the  Cairboniferons  system. 

Medina  Sandstone 

The  next  Bucceeding  group  is  that  named  from  a  village  in  Or- 
leans county  where  it  is  well  exposed. 

It  is  a  huge  mass  of  sandy  and  shaly  rock,  of  very  variable 
hardness  from  soft  marl  to  hard  sandstone,  and  varying  in  color 
from  deep  red  to  olive  and  light  gray.  It  is  not  known  in  the  far 
west,  seeming  to  thin  out  and  disappear  before  reaching  Wiscon- 
sin, but  is  well  seen  on  the  Kiagara  river,  where  it  forms  most  of 
the  precipice  near  Lewiston,  At  this  point  the  lower  part  is  a 
soft  red  shale,  with  harder  and  lighter  colored  layers  above,  to 
one  heavy  bed  of  which  the  cables  of  the  Lewiston  suspension 
bridge  are  fastened.  This  sandstone  may  also  be  seen  in  the 
lower  part  of  the  river  clifte,  extending  as  far  as  the  npper 
Saspension  Bridge.  The  same  rock  is  quarried  near  the  lower 
part  of  Lockport  for  building  and  flagstone,  and  it  forma  the  lower 
falls  of  the  Genesee  at  Rochester,  at  the  top  of  which  the  hard 
uppermost  layer,  called  the '  Gray  band,'  is  very  conspicuous  from 
its  light  color.  Further  east,  the  same  rock  forms  the  falls  of  the 
Oswego  river  at  Fulton;  but  in  the  Mohawk  valley  it  thins  out, 
and  disappears.  In  southeastern  New  York,  however,  near  Ron- 
dout,  it  re-appears  and  is  very  thick  at  the  Delaware  water  gap 
in  New  Jersey  and  Pennsylvania,  reaching,  in  the  latter  state, 
the  thickness  of  1,000  feet;  and  it  may  be  recognized  as  far  eoath 
3S  Alabama.  '■■•'■{ 
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Clinton  Group 

Above  the  Medina  Bandstoae  lies  a  series  of  saadstoneB,  lime- 
Htonea  and  shales,  which  receives  its  name  from  one  of  the  locali- 
ties where  it  is  well  seen,  the  vicinity  of  Clinton,  Oneida  county. 
This  group  of  strata  is  hardly  distinguishnhle  east  of  Fulton 
coanty,  appearing  to  thin  out  in  the  eastern  part  of  the  state, 
where  it  is  all  sandstone  and  greenish  shale.  In  the  western  part 
of  the  state,  however,  it  contains  two  distinct  layers  of  limestone 
and  two  of  greenish  shale,  which  can  he  well  examined  above  the 
lower  falls  of  the  Genesee  river  near  Rochester,  Two  thin  strata 
of  iron  ore  are  found  in  this  group,  and  are  extensively  mined  in 
the  vicinity  of  Clinton;  the  ore  is  of  a  peculiar  granular  appear- 
ance like  an  aggregate  of  small  shot,  and  contains  many  fossils  of 
small  size. 

Oa  the  Niagara  river,  the  upper  limestone  of  this  group  is  about 
20  feet  thick,  and  a  very  solid,  massive  rock.  At  the  falls,  this 
layer  is  near  the  level  of  the  water  below  the  cataract. 

Thisgroupof  rocks  extends  westward  through  Canada, but  does 
not  appear  beyond  Wisconsin  as  a  distinct  mass.  It  re-appears 
in  Pennsylvania  in  enormously  increased  thickness,  amounting  to 
nearly  2,000  feet,  and  extends  southward  along  the  Appalachian 
chain  even  to  eastern  Tennessee.  It  seems  everywhere  to  contain 
beds  of  iron  ore  of  the  same  character  as  those  in  New  York. 

Niag:ara  Group 

This  group  consists  in  the  region  from  Wayne  county  westward 
of  two  distinct  members,  a  shale  and  limestone,  which,  are  recog- 
nized as  the  products  of  one  period,  during  which,  there  was  an 
important  change  in  the  materials  deposited  and  a  lesser  one  in 
the  animal  life.  The  shale  is  a  very  uniform  deposit  throughout 
the  whole  extent  of  the  fourth  district;  while  the  limestone,  from 
a  thin,  dark  colored,  toncretionary  mass  at  the  east  becomes  an 
extensive  and  conspicuous  rock,  constantly  increasing  in  thick- 
ness in  a  westerly  direction,  even  far  beyond  the  limits  of  the 
state. 
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The  cataract  of  Niagara  is  prodaced  b;  the  passage  of  the  river 
OTer  this  limestone  and  shale;  and  from  being  a  well  known  and 
extremely  interesting  locality,  as  well  as  exhibitiDg  the  greatest 
nataral  development  of  these  rocks  within  the  limits  of  the  state, 
this  name  has  been  adopted  for  its  designation. 

Standing  on  the  npper  snapeuaion  bridge  at  Niagara  Falls,  one 
sees  in  the  precipice,  above  the  Clinton  limestone,  a  sloping  bank 
of  soft  gray  shale  aboat  80  feet  thick,  above  which  sncceeds  a 
thick  series  of  layers  of  limestone  forming  the  brink  o(  the 
rocky  wall:  these  are  the  Niagara  shale  and  the  Niagara  lime- 
stone. The  great  cataract  poors  over  tlieir  edges;  and  its  ver- 
tical descent  is  owing  to  the  fact  that  the  soft  shale  below  wears 
away  more  rapidly  than  the  hard  limestone  which  forms  the  top 
of  the  fall,  thus  maintaining  a  recess  behind  the  descending  sheet 
of  water.  These  rocks  are  perfectly  exhibited  in  the  gorge  of 
the  Niagara  river,  especially  along  the  Niagara  Falls  and  Lewis- 
ton  railroad. 

The  limefltone  at  Niagara  is  about  160  feet  thick  (of  which  only 
the  lower  part  is  seen  at  the  falls);  at  Rochester  it  is  abont  70 
feet  thick.  The  shale  decomposes  rapidly  where  exposed  to  the 
air,  until  it  resembles  a  deposit  of  gray  clay.  It  contains  thin 
layers  of  limestone  in  many  places,  the  surfaces  of  which  are 
often  covered  with  beautiful  small  corals  of  several  species,  and 
the  shale  itself  contains  them  in  great  numbers.  The  '  deep  cut ' 
of  the  canal  above  Jjockport  is  tbrongb  the  Niagara  limestone, 
some  layers  of  which  there  form  a  massive  and  beautiful  baild- 
ing  stone.  The  same  limestone  and  shale  form  the  upper  falls 
of  the  Qenesee  at  Rochester. 

Salina  Group,  or  Onondaga  Salt  Group 
The  next  series  of  strata  in  upward  succession  is  a  gronp  ot 
shales  and  thin  limestones,  the  whole  of  which  in  central  and 
western  New  York  attains  a  thickness  of  nearly  1,000  feet. 
Its  lower  part  in  central  New  York  is  composed  for  several 
hundred  feet  of  a  soft  red  shale  or  hardened  clay,  especially 
conspicuous  along  the  Erie  canal  in  Madison  conniy.    Its  upper 
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portion  is  generally  a  dark  gray  alaty  rock,  with  layers  of  impure 
limestone,  well  seen  along  the  Auburn  and  Syracuse  railroad. 
The  important  salt  springs  of  Syracuse  being  derived  from  these 
rocks,  they  received  originally  tbe  name  of  Onondaga  salt  group. 

In  the  days  of  the  original  Natural  History  Survey,  the  salt 
was  not  found  in  solid  masses,  though  the  gray  part  of  the  rock 
in  some  places  showed  impressions  of  the  peculiar  '  hopper 
shaped'  crystals  of  halite  or  rock  salt,  proving  that  it  once  ex- 
isted there  in  small  quantities.  It  is  now  known  to  be  diffused 
in  beds  and  lenses  through  large  extents  of  these  strata,  through 
which  in  places  the  surface  water  percolates  and  bears  the  salt 
in  solution  to  the  deep  basin  at  Salina.  This  was  found,  by  bor- 
ing, to  be  several  hundred  feet  in  deptti,  filled  with  gravel  and 
sand,  in  which  the  salt  water  seemed  to  lie  as  in  a  reservoir,  and 
from  which  it  is  raised  by  the  pumps  for  the  supply  of  the  evap- 
orating works.  The  Onondaga  lake,  which  is  a  comparatively 
shallow  body  of  fresh  water,  lies  over  this  deep  mass  of  gravel, 
but  has  a  water  tight  bottom  of  marl  which  keeps  its  fresh 
waters  separate  from  the  salt  waters  below. 

During  tbe  past  18  years  a  large  industry  has  been  developed 
from  the  boring  of  salt  wells  in  New  York  state  at  points  dis- 
tant from  Syracuse,  at  Warsaw  and  in  the  Genesee  valley.  These 
wells  show  that  rock  salt  in  beds  and  lenticular  masses  varying 
in  thickness  from  a  few  Inches  to  150  feet  is  abundantly  interca- 
lated between  the  layers  of  shale  and  limestone  of  the  Salina 
group.  This  salt  being  easily  soluble  in  water  does  not  appear 
at  the  surface  of  the  ground  nor  within  reach  of  surface  waters. 

The  upper  drab  or  gray  shales  of  this  group  contain  great 
quantities  of  gypsum,  which  is  qaarried  extensively  from  Madi- 
son county  westward.  The  rock  over  the  ma^es  of  gypsum  often 
seems  arched,  as  if  this  mineral,  in  forming,  through  some  ch«n- 
ical  change,  had  exerted  an  upward  pressure,  lifting  the  overlying 
masses. 

The  whole  group  is  remarkably  destitute  of  organic  remains; 
not  a  single  fossil  having  been  found  in  the  lower  part  or  red 
shale,  and  bat  a  small  number  in  the  upper  portion  at  a  few 
localities. 
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The  Onondaga-Balt  gronp  is  hardly  aeen  in  New  York  east  of 
Herkimer  county.  The  succeeding  formation,  however,  whit*  is 
gronped  with  the  Salina  is  fairly  persistent. 

Watertime 
Overlying  the  salt-beairiiig  rocks  and  forming  with  them  the  On- 
ondaga group  iB  the  Waterlime,  a  succession  of  dark -colored,  fine- 
grained and  straight-bedded  layera  of  limestone,  attaining  in  Mad- 
ison county  a  thickness  of  over  100  feet.  It  lies  immediately  over 
the  gray  and  drab  limestones  of  the  upper  part  of  the  salt  group, 
and  is  not  divided  from  them  by  any  very  distinct  or  sndden 
change  in  the  appearance  of  the  strata.  The  name  is  given  from 
the  waterlime  or  hydraulic  cement  which  is  extensively  manufac- 
tured from  two  of  tie  layers  toward  their  upper  part:  these  are 
generally  of  a  drab  color,  and  separated  from  each  other  by  a 
thin  mass  of  bine  limestone.  They  are  quarried,  burnt  and  ground 
on  a  very  large  scale  near  Manliua  iu  Onondaga  county,  and  the 
hydraulic  cement  of  Bosendale  and  Rondout  is  made  from  the 
same  beds.  That  manufactured  at  Williamsville,  Erie  connty, 
and  at  Buffalo,  is  from  the  upper  limestones  of  the  Salina  group 
below;  and  in  Niagara  and  Orleans  counties,  a  similar  cement  la 
made  from  some  layers  of  the  Niagara  group. 

HELDERBERO  ROCKS 
Above  the  formations  already  described  succeeds  a  thick  series 
of  strata,  chiefly  limestone,  separated  by  sandstone  and  grit  rocks, 
first  described  under  the  general  name  of  the  Helderberg  rocks, 
as  they  formed  the  great  escarpment  of  the  Helderberg  moun- 
tains in  Albany  county.  From  this  place  their  edges  may  be 
followed  southward  in  the  hills  lying  west  of  the  Hudson  river, 
paat  the  base  of  theCatskill  mountains,  and  through  Ulster  county 
as  far  as  Kingston  and  Rondout;  whence  their  outcrops  bend 
Bonthwestward  and  extend  along  the  bills  west  of  the  valley  of  the 
Delaware  and  Hudson  canal,  passing  out  of  the  state  near  the 
northwest  corner  of  New  Jersey.  They  run  still  farther  south- 
westward,  are  seen  above  the  Delaware  Water  Gap,  and  their 
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lower  strata  are  traceable  in  the  Appalachians  as  far  as  Tennes- 
see,  though  their  upper  limestones  do  not  extend  beyond  the 
Snaqaehanna.  In  following  them  westward  from  Albany  county, 
we  find  the  lower  limestones  and  sandstones  thin  out  rapidly, 
not  extending  beyond  the  Niagara  in  any  considerable  thickness, 
while  the  upper  limestones  are  found  spreading  into  the  far  west. 
This  series  of  rocka  which  may  be  considwed  collectively  in  its 
effect  on  topography,  belongs  partly  to  the  Upper  Silurian  sys- 
tem and  partly  to  the  Devonian  and  may  be  divided  into  two 
parts;  the  Lower  Helderberg  limestonea  which  are  of  Upper  Silu- 
rian age,  and  the  Oriskanj  sandstone  and  Upper  Helderberg  lime- 
stones which  are  included  in  the  Devonian. 

Lower  Helderberg  Group 

The  subdivisions  of  this  group  are  as  follows: 

ScD  tell  a  limestone  )     ie  f..    ■     tn.  ,. 

,-,  „  }    15  ft.  in  Albany  county 

Upper  Pentamerus  ) 

Delthyris,  or  Catakill  shaly 

limestone  100  ft. 

Lower  Fentamerue  limestone    65  ft.  in  Albany  connty 
Tentaculite  limestone  .  30  ft.  " 

The  Scutella  limestone,  named  from  a  fossil  crinoid  which  it 
contains,  is  the  nppermost  member  of  the  gronp  where  it  occurs, 
but  it  has  not  been  found  associated  with  the  Upper  Pentamerus. 

The  Jjower  Pentamerus  limestone  is  coarse-grained,  thlck- 
t>edded  and  often  a  concretionary  limestone;  while  the  Catskill 
limestone  is  in  thin  layers,  with  much  shaly  or  slaty  matter  in- 
terstratified  with  it. 

The  Lower  Helderberg  group  has  its  greatest  development  in 
Albany  and  Schoharie  counties;  the  subdivisions  above  given 
may  be  differentiated  in  Greene,  Albany  and  Schoharie  counties, 
but  west  of  the  last  county  they  are  not  distinct  and  the  gronp 
itself  is  indistingiiisbable  from  the  Salina  formation,  at  the  sur- 
face, west  of  Seneca  lake.  In  the  Uvonia  salt  shaft,  however, 
about  35  feet  of  limestone  was  found  containing  Tentaculite  fos- 
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Bile.  It  may,  with  the  waterlime,  be  traced  through  Penneyl- 
vania  and  Virginia,  bnt  is  very  thin  and  not  fonod  everywhere, 
having  been  deposited  locally  in  areas  of  no  great  extent. 

Life  of  the  Upper  Silurian 

There  is  no  radical  difference  between  the  general  character 
of  the  fossil  remains  of  this  system,  and  those  of  the  lower 
Silarian,  but  of  Beveral  thousand  species  fonnd  in  the  Upper 
Silurian,  only  a  few  occur  also  in  the  I-ower  Silurian,  and  the 
animal  forms  are  nearly  all  marine.  Sea  weeds  were  very  abun- 
dant and  a  few  land  plants,  similar  to  eqnisetae,  occur. 


DEVONIAN  SYSTEM 

This  system  takes  its  name  from  Deronshire  in  England  where 
Its  rocks  were  studied  by  Sir  Koderick  Marcbison. 

The  Devonian  was  the  age  of  fislies,  since  fishes  were  the  pre- 
vailing type.  America  has  probably  the  moet  complete  series 
known  of  the  Devonian  rocks  but  they  have  a  comparatively 
limited  extent.  The  Devonian  rocks  contain  much  carbon  in  the 
form  of  bitaminous  shales  and  it  has  been  suggested  that  there 
may  be  more  carbon  in  the  Devonian  than  the  Carboniferous. 
These  rocks  are  well  developed  in  New  York  but  the  vertebrate 
life  of  the  system  is  better  shown  in  other  states. 


System 
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Oriskany  sandstone 
This  rock  which  overlies  the  Lower  Helderberg  gronp,  is,  at 
Oriskan;  Falls,  whence  it  derives  its  name,  a  coarse  light  colored 
sandstone  about  20  feet  thick.  In  localities  further  west  it  is 
sometimes,  as  at  the  falls  of  the  Chittenango  creek  and  at  Split 
Bock  near  Bjracuse,  either  wanting  or  represented  only  hy  a  few 
inches  of  dark  sand;  rock;  sometimes,  as  between  Elbridge  and 
Skaneateles,  30  feet  thick;  and  in  other  localities,  of  various 
intermediate  thicknesses.  Near  Schoharie,  it  contains  some  lime 
with  its  sand,  and  is  light  colored;  in  some  parts  of  the  Helder- 
berg region,  as  near  Clarksville,  and  Knox,  it  is  only  a  foot  or  two 
thick,  a  hard,  dark  colored  stratum  full  of  fossils  and  having" 
on  its  upper  surface  myriads  of  impressions  of  the  Spirophytcm 
Cauda  galli.  In  Pennsylvania,  it  is  from  150  feet  to  300  feet  in 
thickness,  and  contains  the  same  organic  remains  which  are 
fonnd  in  it  in  New  York. 

Cauda  Galli  Grit 

I 

Above  the  Oriskany  sandstone,  in  the  Helderberg  region,  is 

a  mass  of  sandy  slate  or  shale,  often  more  than  fifty  feet  thick; 
but  it  is  not  known  west  of  Herkimer  county.  In  Pennsylvania, 
it  is  seen  from  the  state  line  to  the  Water  Gap.  It  is  valuable 
as  a  road  metal  though  not  very  durable  and  forms,  by  decom- 
posing, a  poor  soil.  It  is  equally  barren  in  fossils,  the  only  form 
known  being  what  is  called  the  Cocktail  fncoid,  Spirophyton 
Cauda  gain,  supposed  to  be  the  remains  of  a  marine  plant,  the 
form  of  which  resembles  the  peculiar  plumage  from  which  it  is 
named.  The  abundance  of  this  fossil  has  given  the  rock  in  which 
it  lies  the  name  of  '  Cauda  galli  grit.'' 

Schoharie  Grit 

Upon  it  lies  the  Schoharie  grit,  a  thin  mass,  usually  only  four 

or  five  feet  of  hard  calcareous  sandstone,  which,  when  freshly 

quarried,  looks  like  a  gray  limestone,  but  when  long  weathered, 

a  ThU  Importsat  tkct  It  not  noted  br  either  UaUier  or  LlneklBen  tboush  It  malt 
bavB  l>e«n  obKrved  bjr  tbem.    F.  J.  H.  U. 

1  As  I  b>Te  Doted  andsr  Oi-iiku;.  Ihia  fouU  1b  not  aoBflned  to  the  Candk  (illl  ud  oooon  OB 
the  Orlikuj  MndetOB*.    F  J  U.  H. 
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loses  its  carbonate  of  lime  and  becomes  a  gritty  yellowish  sand- 
stone: It  is  found  only  from  Clien-y  A'alley  eastward,  extending 
round  the  front  of  the  Helderbergs  and  along  the  hills  west  of 
the  Hudaon,  but  Aoea  not  appear  to  be  known  in  Pennsylvania. 

Upper  Helderbei^  or  Corniferous  Limestone 

This  which  lies  above  the  Schoharie  grit,  Cauda  galli  grit  and 
Oriskany  sandstone,  and  where  these  are  wanting,  together  with 
the  Lower  Helderberg,  as  in  western  New  York,  rests  immedia- 
tely on  the  waterlime  group,  is  one  of  the  most  widely  known  and 
useful  limestones  of  the  state.  The  lower  portion,  from  10  to  20 
feet  in  thickness,  is  generally  a  coarse-grained  crystalline  gray 
rock,  and,  when  free  from  chert,  working  well  under  the  hammer 
and  chisel,  and  often  taking  a  good  polish  aa  a  marble.  It  is 
called,  from  being  very  extensively  quarried  in  Onondaga  county, 
the  Onondaga  Limestone.  It  is  easily  traced  from  near  Bondout 
on  the  Hudson  to  the  Helderbergs  in  Albany  county,  where  its 
outcropping  edge  turns  westward,  and  extends  past  Bchoharie, 
Cherry  Valley,  Bridgewater,  Oriskany  falls,  the  falls  of  the  Cbit- 
tenango  below  Cazenovia,  Split  Rock,  Auburn,  Phelps,  Le  Koy, 
and  Williamsville  to  Black  Rock.  Through  nearly  all  this  dis- 
tttnce  it  preserves  its  well  marked  character,  and  is  extensively 
used  in  building. 

The  upper  portion  of  the  group  is  what  was  originally  called 
the  OorniferouB  limestone,  from  its  containing  beds  and  nodules 
of  hornstone  or  chert:  it  is  usually  from  30  to  50  feet  thick,  a 
bluish  or  grayish  rock,  often  having  some  shale  interstratifled 
with  it.  Though  these  two  portions  of  the  Upper  Helderberg 
limeatone  are  In  most  places  very  distinct,  yet  in  others,  especially 
in  the  west,  they  seem  to  run  together  or  blend  in  one  mass;  so 
that  they  are  now  regarded  only  ae  local  varieties  of  a  single  rock. 

Upper  Devonian  Rocks 

In  the  Upper  Helderberg  group,  we  have  the  last  or  highest 

formation  of  limestone  of  any  considerable  extent  or  thickness 

in  the  state.     All  the  southern  counties,  lying  above  or  south  of 
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the  line  of  ontcrop  of  the  Onondaga  and  Oomiferons  limestoneB 
aa  before  described,  are  nearly  destitote  of  this  nsefnl  rock;  being 
formed  of  vast  deposits  of  slatj,  shaly,  and  sandy  strata,  several 
thousand  feet  in  tbickness,  the  exposures  of  which  extend  sonth- 
ward  frtHn  a  few  miles  south  of  the  Erie  canal  to  beyond  the 
Pennsylvania  line. 

These  rocks  give  rise  to  peculiarities  in  the  topographic  feat- 
ures of  the  country  which  they  underlie,  and  in  its  soil  and 
vegetable  productions.  Containing  little  lime,  the  culture  of 
wheat  does  not  generally  succeed  well  upon  them;  nor  does  the 
central  wheat  growing  district  extend  over  them  for  more  than 
a  few  miles  south  of  the  limestone  range,  except  in  a  few  alluvial 
valleys,  or  places  where  calcareous  materials  from  the  limestone 
belts  have  been  strewed  over  the  southern  shales  by  glacial 
action,  of  which  we  shall  speak  hereafter.  Grazing  and  dairying 
are  almost  exclusively  the  pursuits  of  the  farmer. 

The  most  mai'ked  physical  features  of  this  great  extent  of 
country  are  its  deep  valleys  and  long  hills,  usually  extending  in 
a  noith  and  south  direction,  aa  an  inspection  of  any  map  will 
show.  Some  of  these  long  north  and  south  valleys  dam- 
med by  drift  deposits  are  the  basins  of  that  remark- 
able series  of  lakes  beginning  with  Otsego,  and  com- 
prising Canaseraga,  Oazenovia,  Otisco,  fikaneateles,  OwaBcc^ 
Cayuga,  Seneca,  Crooked,  Canandalgua,  Honeoye,  Canadice, 
Hemlock,  and  Conesus;  all  so  similar  in  general  form  and 
direction,  and  in  the  shape  and  geological  formation  of  their  en- 
closing hills.  Over  the  whole  extent  of  these  rocks,  the  country 
is  '  rolling,'  or  broken  into  ridges  generally  running  north  and 
south,  and  rising  from  one  to  eight  hundred  feet  above  the  main 
valleys;  and  it  is  rarely  that  we  find  among  them  a  plain  half 
a  mile  wide,  except  in  a  few  of  the '  bottom-flats '  or  alluvial  lands 
along  the  larger  rivers,  such  as  the  Genesee. 

These  rocks  are  generally  quite  uniform  in  their  character, 
especially  in  the  eastern  pai-t  of  the  state  near  the  Hudson  valley, 
and  might  be  grouped  into  one  enormous  formation  5,000  feet  or 
more  in  thickness,  except  for  a  few  variations  in  texture,  and 
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some  more  marked  differences  in  the  foaails  of  their  lower,  middle, 
and  higher  portions,  on  account  of  which  they  have  been  separ- 
ated and  described  under  the  successiTe  divisions  of  the  Mar- 
cellus,  Hamilton,  Genesee,  Portage,  Chemung  and  Catskill. 

Hamilton  group 
The  Hamilton  group,  named  from  its  ezpoBure  at  Hamilton, 
Madison  county,  consists  of  the  following  Bub-divisiong. 

Group  Stage 

f  Genesee 
Tutly 
(  Moscow  shale 
Hamilton  \  Encrinal  limestone 


I  Marcellus 


(  Ludlowville  shale 


Marcbllus  Bhalb 

The  lowest  division,  resting  immediately  on  the  Upper 
Helderberg  limestone,  was  named  from  the  village  of  Marcellus, 
near  which  it  is  well  exposed.  It  is  a  mass  of  dark,  fissile,  sbort- 
fractnred  shale,  one  or  two  hundred  feet  in  thickness,  in  most 
places  containing  layers  of  impure  limeatone  and  rounded  con- 
cretions of  similar  material  in  its  lower  part. 

At  the  village  of  Stafford  in  Genesee  county,  a  thin  limestone 
is  well  exposed  about  40  feet  above  the  base  of  the  Marcellus. 
It  has  been  called  by  Prof.  J.  M,  Clarke,  the  Stafford  Limestone, 
and  extends  from  central  New  York  to  Lake  Erie. 

In  Onondaga  county  the  Goniatite  limestone  replaces  the  Staf- 
ford limestone. 

These  shales  closely  resemble  those  of  the  coal  formation 
and  sometimes  contain  thin  seams  of  coaly  or  bituminous 
matter,  which  have  misled  many  persons  to  spend  consider- 
able sums  in  digging  and  boring  in  them,  with  the  illfounded 
expectation  of  finding  useful  layers  of  coal.  This  is  an  idle  hope, 
for  they  lie  thousands  of  feet  below  the  Carboniferous  system, 
beneath  which  no  valuable  coal  strata  have  ever  been  found. 
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Hamilton  Shalb 

The  MarcelluB  shales  chaoge  gradually  at  tbeir  bigber  part 
into  tbe  Hamilton  sbale  which  is  a  harder,  lighter  colored  mass, 
often  containing  sandstones,  and,  in  central  New  York  and  as 
far  east  as  the  Catskill  range,  is  1,000  feet  or  more  in  thickness. 
Like  the  Marcellus  sbale,  many  pacts  of  it  show  few  marks  of 
stratification;  but  it  is  divided  vertically  by  joints,  which, 
where  it  is  excavated,  are  often  as  upright  and  smooth  as  the 
walls  of  a  plastered  building.  In  the  more  eastern  part 
of  the  state,  it  is  generally  coarse-grained  and  sandy;  in  western 
New  York,  it  is  fine-grained,  soft  and  more  calcareous,  forming 
by  its  decomposition  a  rich  soil. 

In  the  survey  of  tbe  fourth  district  Hall  divided  the  Hamilton 
into  three  parts;  at  the  base  the  LudlotovUle  shale,  overlaid  by  the 
Encrinal  Umeatone  and  at  the  summit  the  Moscow  shale.  The 
Ludlowville  and  Moscow  horizons  take  tbeir  name  from  localities 
in  western  New  York.  Tbe  Encrinal  limestone  is  named  from  its 
prevailing  fossil. 

TULLY    LIMESTONB 

Tbe  Hamilton  group  terminates  in  central  New  York  with  a 
very  impure  dark  limestone,  about  10  feet  thick,  which  received 
its  name  from  the  village  of  Tully  in  Onondaga  county.  In  the 
eastern  and  western  parts  of  the  state  this  rock  does  not  exist, 
as  it  extends  only  from  Ontario  county  to  Madison,  and  beyond 
these  limits  the  Genesee  slate  lies  directly  on  the  Hamilton  group. 
The  Tully  limestone  rontains  some  fossils  which  are  common  to 
it  and  the  lower  shales. 

Geneshe) 

The  next  rock  in  upward  order  is  the  Genesee,  a  series  of  layers 
of  thin-bedded,  tissile,  black  slate,  in  some  places  150  feet  thick, 
but  diminishing  westward  so  that  it  is  only  about  25  feet  on 
Lake  Erie,  It  is,  however,  distinctly  recognized  in  Pennsylvania, 
where  it  is  some  300  feet  thick.  It  derives  its  name  from  one  of 
its  best  localities  in  this  state,  the  gorge  of  the  Genesee  river 
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below  Portage.    It  is  generally  recognized  by  itB  black,  soft,  slaty 
texture,  but  its  fosBiU  are  very  rare. 

Portage  group 

Tbia  name  has  been  given  to  the  next  higher  portion  of  the 
great  slaty  and  shaly  maaees,  which  form  the  walls  of  deep  gorge 
of  the  Genesee  at  I'oitage  and  cover  everywhere  on  the  south 
the  Hamiltou  group  and  Genesee  slates.  This  enormous  pile  of 
sandy,  slaty  and  shaly  strata  is  in  some  parts  of  the  state  1,000 
feet  in  thickness:  it  was  divided  hy  Prof.  Hall  into  a  lower  mass 
called  the  Cashaqua  shale,  a  middle  mass  called  the  Oardeau 
shale  and  flagstones,  and  a  terminal  mass  of  sandBtones  seen  at 
Portage;  but  In  middle  and  eastern  New  York,  these  divisions 
.  are  not  distinct 

Much  of  this  group  is  a  soft  olive-colored  shale;  but  its  most 
useful  portions  are  its  layers  of  flagstone,  which  are  largely  quar- 
ried near  Norwich  and  Ithaca,  on  the  hills  back  of  the  Held^*- 
bergs,  on  those  west  of  the  Hudson  river  as  far  down  as  Bondout; 
and  in  Sullivan  couuty  near  the  Delaware  river. 

From  Chenango  and  Broome  counties  eastward  to  Greene 
county  the  Portage  is  represented  by  the  Oneonta  formation 
which  forms  the  lower  1,000  feet  of  the  Catskill  mountain  strata. 

The  soft  shales  of  the  Portage  group  contain  many  of  the  con- 
cretions known  as  Septaria,  which  also  occur  io  the  Marcellus 
shales. 

Chemung  group 
To  the  Portage  succeeds  the  Chemung,  so  called  from  being 
well  exhibited  at  the  '  Narrows '  of  the  Chemung  river,  near 
Waverly,  in  Tioga  county.  Its  thickness  of  1,000  or  1,500  feet  is 
made  up  of  a  scries  of  thin-bedded  aandstoues  with  intervening 
shales  and  occasional  beds  of  impure  limestone  mainly  formed 
by  the  materials  of  fossil  shells.  In  many  places  it  abounds 
with  fossils.  While  well  developed  in  central  and  western  New 
York  the  Chemung,  as  a  group  of  fine  sediments,  disappears  to 
the  eastward  and  is  represented  by  the  Catskill  formation. 
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Catskill  group 

TLf  Cliemung  passes  or  changes  eastward  into  the  Catskill,  an 
enormous  series  of  shaly  and  sandy  strata,  which  covers  all  the 
upper  range  of  the  Catskill  mountniQS,  and  many  of  the  bighur 
tracts  of  the  southern  counties  as  far  west  as  Stenben.  In  the 
latter  county  it  is  only  a  thin  mass  of  calcareous  sandstone,  and 
farther  west  it  thins  out  and  disappears  entirely;  but  in  the  Cats- 
kill  region  it  is  probably  2,500  feet  thick,  and  twice  as  much  in 
Pennsylvania;  whence  it  is  found  southward  along  the  mountain 
ridges,  but  in  thinner  volume. 

The  beds  of  this  series  are  varied  in  color,  being  greenish  gray 
sandstones,  fine-grained  reddish  sandstones,  slates,  shales,  grind- 
stone grits  and  an  aecretionary  mass  appearing  like  fragments 
of  hard  slate  cemented  in  caJcareous  rock.  The  hard  sandstone 
often  weathers  in  a  i)eculiar  way,  dividing  into  thin  layers  almost 
like  piles  of  boards.  ' 

The  fossils  of  this  rock  are  very  few.  Reeent  studies  of  this 
group  suggest  that  it  is  not  entitled  to  distinct  recognition  but  is 
eiiuivalent  to  t.lic  rhciunng  and  perhaps  to  the  I'oi-tage.  Re- 
mains <jf  pliintH  iu-c  nuuu'roiis,  forming  ori'asionally  liny  seams  of 
coal;  and  in  some  locaiitit-s  are  tiH-tli.  tinnes  and  scales  of  IIsId-s. 
The  hillei-  ai'c  ofti'U  conspicnons  olijifts.  as  Ihey  are  usually 
whilf  or  bluish  in  color,  and  contrawl  slrongly  witli  (he  red  rock. 

Life  of  the  Devonian 

In  the  Devonian  is  observed  a  marked  general  advance  in  the 
character  of  life  on  the  globe. 

S]ionges  were  few.  Rrachiopods  were  varied  and  numerous, 
MoUnsks  were  abundant.  Corals  were  highly  developed  and 
very  numerous.  ' 

Fishes  were  tlie  dominant  type  and  appear  to  have  supplanted 
the  immense  cephatopods  which  ruled  in  the  Lower  Silurian  seas. 

Plant  life  was  well  represented  on  land,  especially  by  ferns. 
Conifers  also  existed. 

The  abundant  flora  which  gave  rise  to  the  coal  formations  of 
the  Carboniferous  tirst  became  prominent  in  the  Devonian. 
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CAKBONIFEROtJS  SYSTEM 

This  s^fltem  took  ita  name  from  the  fact  of  its  being  the  chief 
coal  bearing  formation  of  Europe. 

The  Carboniferous  Ib  not  well  represented  in  New  York;  some 
of  the  uppermost  sandstones,  shalea  and  conglomeratee  near  the 
FeiiDsjlTauia  bonndary  are  undoubtedly  of  this  age,  but  they 
contain  no  fossils. 

In  the  endeavor  to  identify  the  Carboniferous  strata  of  New 
York,  it  has  been  necessary  to  take  up  the  known  strata  of  this 
age  in  FennsylTania  and  trace  them,  so  far  as  possible,  into  Kew 
York. 

The  gradation  from  the  rocks  of  the  Devonian  to  those  of  the 
Carboniferous  is  not  abrupt.  On  either  side  of  the  assumed 
boundary  plane  are  greenish  gray  shales  and  sandstones  without 
distinctive  characters.  For  the  present  purpose  it  is  necessary 
to  describe  the  succession  of  the  Pennsylvania  rocks  and  indi- 
cate their  occurrence  in  New  York. 

Sub-Carboaiferous,  Pocoao  group 

Above  the  uppermost  Devonian  sandstones  lie  the  rocks  which 
are  considered  to  be  the  base  of  the  Carboniferous  system.  They 
are  mainly  sandstones  with  occasional  beds  of  conglomerate. 
This  conglomerate  is  said  to  occur  on  some  of  the  peaks  of  the 
Catskills,  but  it  has  not  yet  been  recognized  in  southwestern 
New  York. 

Sandstones  of  Pocono  age  doubtless  occur  in  New  York  near 
the  Pennsylvania  boundary  but  they  have  no  fossils. 

The  Pocono  formation  attains  a  thickness  of  more  than  2,500 
feet  in  Pennsylvania  on  the  Susquehanna  river.  Some  thin  seams 
of  coal  occur  in  it.  It  contains  no  fossils  except  fragments  of 
plants. 

Mauch  Chunk  group 

The  Pocono  is  succeeded  by  a  formation  called  the  Mauch 
Chunk  group,  which,  in  Pennsylvania,  is  about  3,000  feet  in  its 
greatest  thickness,  though  far  less  in  some  districts.  It  is  almost 
entirely  composed  of  soft,  red  shales  and  argillaceous  red  sand- 
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fltones  seen  in  the  nortliern  coantles  and  generally  around  the 
edges  of  the  ditFerent  coal  fields.  In  southern  Pennsylvania  it 
includes  Hmeetoncs.  This  formation  has  not  been  recognized  in 
New  York. 

PottsTiUe  cooglotnerate  ' 

The  Maach  Chunk  red  shale  is  covered  by  a  thick  series  of 
strata,  known  as  the  Pottsville  conglomerate.  It  is  a  gray  and 
whitish  conglomerate,  in  massive  beds  alternating  with  gray 
aandstones,  and  conBi«ta  mainly  of  rolled  and  rounded  quartz 
pebbles  cemented  with  ferrnginons  sand  into  a  solid  mass.  Some 
of  its  finer  or  more  sandy  layers  often  show  lamination  in  a 
diagonal  or  slanting  direction.  It  is  1,700  feet  thick  at  its  mazi- 
mnm  and  often  contains  one  or  more  thin  aeams  of  coal;  being 
the  lowest  horizon  in  which  any  considerable  qnantity  of  that 
mineral  baa  yet  been  found.  It  is  remarkably  massive  in  its 
general  appearance,  the  ledges  often  separating  into  huge  blocks 
with  wide  Assures  between,  which  have  been  fancifully  compared 
to  ruined  cities.  Such  localities  are  to  be  seen  in  New  York  six 
miles  BoQth  of  Olean,  seven  miles  south  of  Ellicottville  and  near 
Wellsville,  where  they  are  popularly  called  '  rock-cities.'  This 
is  locally  known  as  the  Olean  conglomerate. 

The  '  rock  cities '  lie  on  high  points  not  far  from  the  Pennsyl- 
vania line  and  are  simply  remnants  of  the  conglomerate  left  far 
north  of  the  main  body  of  the  rock  by  the  wear  and  tear  of  the 
elements,  which,  going  on  through  ages,  has  worn  away  this  mas- 
sive stratum  over  a  great  extent  of  country.  They  are  impressive 
monuments  to  the  lastness  of  that  erosion,  which  has  left  them  in 
this  isolated  position  and  which  will  in  the  course  of  future 
centuries  demolish  them  entirely. 

This  conglomerate  la  the  highest  and  latest  formed  of  all  Palae- 
ozoic rocks  known  within  the  limits  of  New  York.  In  Pennsyl- 
vania it  is  the  base  of  the  '  Productive  Coal-measures,'  as 
the  strata  containing  workable  layers  of  coal  are  called. 
They  are  made  up  of  thick  beds  of  saodstonea  and  black 
shale,  with  which  the  coal  layers  are  interatratifled.  The  ftoal 
strata  are  of  all  thicknesses,  from  a  few  inches  up  to  20  or  even 
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100  fi'('t,and  are  separated  from  each  other  by  maeses  of  rock  from 
10  or  20  to  200  or  300  feet  tbiek,  and  arK  mined  in  various  ways 
according  to  their  situation. 

Geologic  investigation  in  all  coal  regions  has  led  to  the  concla- 
Bion  that  the  strata  of  coal  are  composed  of  vegetable  matter, 
which  daring  the  Carboniferous  epoch  appears  to  have  reached 
an  enormous  and  luxuriant  growtli,  and  formed  vast  accumula- 
tions, which  after  being  buried  under  the  marine  eediments  of 
clay  and  sand  which  now  form  the  shales  and  sandstones  over 
tht'm,  underwent  chemical  changes  which  trajtsfomied  them 
to  their  present  condition.  The  proofs  of  this  are  found  in  the 
fact  that  the  rocks  above  and  below  the  coal  seams  are  filled 
with  vegetable  remains,  leavps,  stems,  roots,  etc.;  the  trunks  of 
the  trees  being  in  some  places  found  still  erect  and  standing 
upon  their  roots,  but  converted  into  coal;  and  that  even  the  coal 
itself,  though  in  most  cases  it  is  solidified  into  one  mass  so  as  to 
show  no  organic  structure,  displays  in  other  instances,  under  the 
microBcope.all  the  structure  of  wood;  the  cells,  the  ducts  through 
which  the  sap  once  circulated,  and  even  minute  markings  by 
which  it  can  be  detennined  whether  the  wood  belonged  to  one 
or  another  general  class  of  trees. 

The  vegetable  origin  of  all  coal  is  well  established;  but  the 
mode  in  which  great  accumulations  of  it  were  made,  over  such 
vast  areas,  is  yet  an  obscure  ciuestion.  A  single  bed  of  coal,  that 
called  the  Pittsburgh  seam,  is  known  to  extend  over  no  less  than 
14,000  square  miles,  with  a  usual  thickness  of  from  four  to  ten 
feet.  Other  layers,  though  less  in  extent,  are  much  greater  in 
thickness,  reaching  even  100  feet.  The  prevailing  opinion  is  that 
it  grew  in  enormous  morasses  or  swampy  tracts,  resembling  on 
a  larger  scale  the  Great  Dismal  swamp,  or  the  Okefinokee  swamp 
of  Georgia,  in  which  the  annual  fall  of  leaves,  branches,  and 
trunks  through  a  long  period  of  time  formed  thick  peaty  masses, 
which,  being  submerged  under  the  sea  and  covered  with  sedi- 
ments, became  the  vast  deposits  of  fossil  fuel  which  are  now  of 
so  great  importance. 
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The  foasils  of  the  coal  mea8urt>s  are  almost  entirely  vegetable. 
In  the  felates  above  the  coal  seams,  most  perfwt  and  beautiful 
impressions  of  leaves  oecur  in  profusion;  and  large  trunks  or 
stems  are  found,  almost  always  compressed  to  a  thickness  of  only 
an  inch  or  two,  though  two  feet  or  more  in  width.  The  greater 
part  of  these  trees  seem  to  have  been  allied  to  the  tree-ferns  of 
troii>ical  climates,  though  there  are  i-emains  of  coniferous  trees 
and  several  other  vegetable  families.  The  character  of  this  fossil 
vegetation  would  seem  to  indicate  that  at  the  time  it  grew,  a  far 
warmer  climate  than  that  now  known  prevailed  over  the  tem- 
perate and  arctic  zonee. 

The  fact  that  coal  is  of  vegetable  origin,  seems  to  explain  why 
the  lower  rocks  which  form  the  state  of  New  York  contain  no 
coal.  They  appear  to  have  been  formed  before  terrestrial  vegetation 
flourished  to  an  extent  sufficient  to  form  accumulations  of  this  sub- 
stance. 

The  first  relics  of  land  plants  are  found  in  the  Upper  Silurian; 
above  this  they  become  more  numerous  and  in  the  Cartskill  group 
of  the  Devonian  ure  quite  abundant,  forming  occasionally  minia- 
ture coal  seams  an  inch  thick. 

In  the  Carboniferous  rocks  they  increase  suddenly  to  an  enor- 
mous quantity,  and  in  later  formations  are  found  in  considerable, 
but  generally  in  less  abundance.  Coal  is  also  found  in  newer 
roicks,  such  as  the  Jurassic,  Cretaceous  and  Tertiary.  The  coal 
or  lignite  beds  ot  the  central  part  of  the  continent  near  the  Rocky 
mountains,  belong  to  the  Cretaceous  and  Tertiary  rocks.  The 
coal  of  Vancouver  inland  on  the  Pacific  coast  is  Cretaceous.  The 
coal  beds  near  Kichmond,  Virginia,  are  of  Triaasic  age.  The  con- 
clusions to  be  drawn  from  our  present  knoTiIedge  are  that  good 
coal  is  found  above  the  Carboniferous  system,  but  never  below  it. 

Permian 

This  formation  which  is  well  developed  in  Europe,  taking  its 
name  from  the  Province  of  Perm,  in  Russia,  is  not  known  to  exist 
in  Xew  York  state.  It  occurs  in  Texas  and  its  vicinity.  It  hna 
been  suggested  that  some  of  the  uppermost  deposits  commonly 
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known  as  CarboniferoDB  in  FeniiBjlvania,  should  be  referred  to 
this  horizon. 

Life  of  the  Carboniferous 
Animals 

Foraminifera  were  abundant.  Sponges  were  well  represented. 
Beef  building  corals  were  scarce.    Crinoids  were  abundant. 

Brachiopods  were  large  and  numeroiiB. 

MolluBks  were  promlnentlj  represented  by  cephalopoda. 

The  fishes  of  the  Carboniferous  were  rerj  numeroas  and  were 
principally  sharks  and  ganoids. 

The  presence  of  amphibians  was  the  prominent  feature  in  the 
life  of  the  Carboniferous;  their  bones  occur  in  the  coal  measares. 
The  largest  were  about  the  size  of  alligators. 

Before  the  close  of  the  Carboniferous,  reptiles  appeared. 

Plants 
Vegetable  life  was  well  represented  by  ferns,  lycopode,  equi- 
setae,  conifers  and  cycads.    These  were  the  plants  which  sap- 
plied  the  vegetable  tissue  which  forms  the  coal  beds. 

Mesozoic  Time 

The  Mesozoic  presents  a  marked  contrast  to  the  Palaeozoic. 
The  sea  was  peopled  with  fishes.  Cephalopoda  were  most  promi- 
nent among  the  mollusks.  True  reptiles  which  appeared  In 
the  Permian  were  large  and  numerous  and  reached  their  highest 
development.  Mammals  appeared  as  a  new  element  but  held  a 
subordinate  position.    They  were  at  first  quite  small. 

There  was  a  complete  change  in  the  vegetation.  Sigillaria  and 
catamites  disappeared  and  the  age  of  gymno»perms  succeeded 
that  of  acrogens  or  pteridophyta. 

Arborracent  conifers  were  very  large  and  abundant.  The 
cycads  occupied  the  place  of  the  palms  of  the  present  day. 

The  Mesozoic  series  includes  the  Triaaaie,  Jurasaic  and  Cretace- 
ous systems. 
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TBIASSIC  SYSTEM 

This  e^Btem  received  ita  name  in  Germany  where  it  consists 
of  three  distinct  members.  In  England  it  ia  known  as  the  New 
Bed  Sandstone  and  contains  the  salt  deposits  of  that  country. 
West  of  the  Mississippi  river  the  Trlassic  ia  well  represented  in 
the  United  States,  but  in  the  east  it  ia  found  only  in  narrow 
troughs  on  the  east  aide  of  the  Appalachian  chain  and  approxi- 
mately parallel  to  it.  It  ia  well  developed  in  the  Connecticut 
valley  and  is  again  found  near  Stony  Point,  New  York,  from 
which  locality  it  extends  southwest  across  Bockland  county  into 
New  Jersey,  thence  through  Pennsylvania  and  Virginia.  In  the 
latter  state  it  includes  the  Deep  and  Dan  river  coal  basins  which 
are  of  considerable  importance. 

The  Trlassic  deposits  of  New  York  and  New  England  were 
apparently  formed  in  estuaries  and  conBiat  of  shalea  and  sand- 
stones. These  bear  ripple  marks,  sun  cracks,  rain  prints  and 
the  foot  prints  of  enormous  biped  reptiles  with  three  toes.  These 
were  at  first  supposed  to  be  bird  tracks.  Fishes  are  also  abund- 
ant in  the  sandstones  of  New  York  and  New  Jersey. 

The  eastern  Triassic  rocks  are  imjrartant  as  having  furnished 
the  greater  part  of  the  brown  aandstoue,  which  is  used  so  exten- 
sively for  building  houses  in  our  eastern  cities.  The  Triassic 
period  was  also  characterized  by  eruptions  of  igneoua  rock,  which 
formed  the  well  known  trap  dykes  of  Connecticut  and  New  Jer- 
sey. In  the  latter  state  the  moat  prominent  ia  that  known  as 
the  '  Palisades  of  the  Hudson,'  which  extend  along  the  weat 
shore  of  the  Hudson  river  from  Staten  Island  to  a  point  north- 
weat  of  Nyack.  At  the  level  of  the  river  the  rock  is  a  nearly 
horizontally  stratified  red  sandstone;  but  between  the  bedding 
planes  a  vast  volume  of  melted  rock  has  been  injected,  and 
in  cooling  has  assumed  the  rudely  crystalline  or  columnar  struc- 
ture so  common  in  basaltic  or  trap  rocks.  The  broken  edge  of 
this  enormous  sheet  of  trap,  fronting  on  the  river,  forms  the 
precipice  so  well  known  as  '  the  Palisades.'  The  Orange  moun- 
tains are  also  of  the  same  formation. 


.dbyGoOgle 


173  NEW    YORK   STATE   HUSEDlt 

Life  of  the  Triassie  period 
In  the  Triaesic  was  the  reigD  of  the  amphibians,  some  of  which 
were  very  large.  The  most  highly  developed  was  the  labyrin- 
thodoD,  which  had  the  form  of  a  frog  and  was  as  large  as  an  ox. 
Reptiles  were  very  large  apd  numerous  but  their  remains  are 
more  abundant  in  Europe  than  America.  The  mammalian  faana 
was  insignificant;  fishes  were  numerous;  mollusks  were  abun- 
dant, but  -were  not  a  prevailing  type. 

JirBASSIC  SYSTEM 

The  connection  between  the  Triassie  and  Jurassic  is  very  close 
and  the  passage  is  very  gradual.  The  Jurassic  takes  its  name 
from  the  Jura  mountains  of  France  and  Switzerland,  which  are 
chiefly  composed  of  the  rocks  of  this  age.  In  eastern  Korth 
America  the  Jurassic  is  moderately  developed,  and  it  is  con- 
sidered that  a  part  of  the  Triassie  sandstone,  already  described, 
may  have  been  deposited  during  this  age. 

West  of  the  Mississippi  the  Jurassic  Is  well  developed. 

lAfe  of  the  Jurassic  period 

The  Jurassic  was  especially  characterized  by  the  prominence 
of  reptilian  life  which  appeared  in  a  great  variety  of  forme 
and  occupied  every  place  in  nature.  Reptiles  were  large  and 
numerous,  in  the  ocean  and  on  land.  Even  in  the  air  immense 
lizards  with  wings  like  those  of  a  bat  were  abundant.  In  this 
age  the  first  of  the  birds  appears.  This  was  the  archaeopteryx, 
found  in  the  elates  of  Solenhofen,  Germany,  a  bird  which  was 
rudimentary  in  its  development.  The  winge  were  short  and  also 
the  wing  feathers  which  were  radiated.  The  tail  was  vertebrated 
and  the  vertebrae  bore  feathers.  Tt  had  no  teeth.  The  sharks 
and  ganoid  fishes  were  large  and  abundant.  The  mammals  were 
numerous,  but  subordinate  in  rank,  not  being  larger  than  rats 
and  opossums. 

In  this  system  also  was  the  culmination  of  the  ammonite  fam- 
ily, a  group  of  coiled  cephalopods  named  from  their  resemblanoe 
to  the  horns  on  the  statues  of  Jupiter  Ammon.    As  the  cephalo- 
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pods  were  represented  in  great  derelopmeut  by  the  orthoceras 
in  tbe  Lower  Silurian  seas,  so  were  they  represented  by  the  am- 
monite in  the  Jurassic.  The  orthoceraa  disappeared  after  the 
Triassic  age. 

The  smaller  mollushs  were  also  abundant  and  began  to  assnme 
more  nearly  the  features  of  those  which  occur  at  the  present  day. 
At  this  time  the  oyster  made  its  appearance. 

CRETACEOUS  SYSTEM 

The  Jurassic  system  was  succeeded  by  the  Cretaceous.  This 
received  its  name  in  Europe  from  the  chalk  formation,  which  in 
England  and  France  is  very  prominent,  being  several  hun- 
dred feet  thick.  The  chalk  is  a  limestone  which  has  not  been 
consolidated.  If  it  had  been  exposed  to  the  same  agencies  as 
the  Palaeoaoic  limestonefl  it  would  probably  like  them  have  been 
consolidated  to  form  a  hard  rock,  A  large  part  of  the  chalk 
consists  of  skeletons  and  shells  of  foraminifera,  some  of  the 
species  being  found  in  the  ocean  at  the  present  day.  With  these 
foraminifera,  which  are  mostly  calcareou8,aretheremainsof other 
minute  animals  called  polycystines  which  are  silicioos  and  also 
the  spicules  of  sponges.  These,  by  some  chemical  action,  have 
been  gathered  together  and  consolidated  into  nodulee  of  flint 
which  is  a  variety  of  quartz  similar  in  composition  to  the  horn- 
stone  of  the  Oorniferons  and  other  limestones.  Hornstone  is  also 
called  chert  and  has  furnished  the  material  for  most  of  the  North 
American  Indian  arrow-heads  which  are  commonly  called  flint 
arrow-heads.  As  a  matter  of  fact  the  true  flint  does  not  occnr 
in  America  and  technically  American  flint  arrow-heads  are 
made  of  chert  or  hornstone.  It  is  not  impossible,  however,  that 
early  traders  from  England  may  have  supplied  our  Indians  with 
flint  from  Europe. 

In  America  there  is  but  little  chalk,  although  the  Cretaceous 
system  is  largely  developed.  It  extends  from  the  Gnlf  of  Mexico 
to  the  Arctic  ocean  in  a  belt  200  miles  wide.  On  the  Atlantio 
coast  Cretaceous  deposits  are  found  beneath  the  Tertiary  and 
consist  chiefly  of  sand  and  clay.    Tbe  clays  which  occur  on  Long 
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Island  and  are  well  repreeented  from  Stateii  Island  to  the  vicin- 
ity  of  Camden,  New  Jersey,  are  important  Id  the  manofactarc 
of  pottery.  Some  of  the  clay  beds  contain  plant  remains  and 
abont  60  species  of  land  plants  hare  been  recognized  here. 
Among  these  are  many  genera  which  exist  at  the  present  day, 
snch  as  the  cinnamon,  sassafras,  oak,  gnm  etc.  The  character 
of  this  vegetation  suggests  that  a  temperate  climate  prevailed 
in  this  region  daring  cretaceons  time.  A  little  later,  in  the  Ter- 
tiary, a  anb-tropical  climate  prevailed  in  what  are  now  the  Arctic 
regions.  West  of  the  Mississippi  the  Cretaceous  deposits  of  our 
coantry  are  divided  into  three  principal  groups;  the  Dakota, 
which  consists  of  sandstone  and  conglomerate  with  beds  of  clay; 
the  Color{ido,  a  group  of  limestone  and  bituminons  shales;  and 
the  Laramie,  which  is  a  bed  of  passage  into  the  Tertiary  and  con- 
tains important  deposits  of  lignite,  a  variety  of  coal. 

Life  of  the  Cretaceous  period 
In  the  Cretaceous,  mammals  were  still  insignificant.  The  mem* 
hers  of  the  ammonite  group  of  the  cephalopoda,  were  numeroos 
and  varied  in  form.  The  other  mollnsks  were  closely  allied  to 
those  of  the  present  day.  Many  bony  fishes  appeared  and  sup- 
planted the  ganoid  fishes  which  had  previously  prevailed.  The 
reptilian  fauna  was  prominent,  but  became  greatly  diminished 
before  the  tertiary.  With  the  close  of  this  period  occurred  a 
great  change  in  the  life  of  the  globe.  '       \ 

Cenozoic  Time 

Following  the  close  of  the  Mesozoic  age  begins  the  Cenozoic, 
which  includes  the  Tertiary  and  Quaternary  systems  and  is  char- 
acterized by  a  marked  resemblance  of  its  life,  to  that  of  the 
present  day. 

TERTIABY  SYSTEM 

Sir  Charles  Lyell  divided  the  European  Tertiary  into  three 
parts;  the  Eocene,  Miocene  and  Pliocene.  The  Eocene  was  esti- 
mated to  contain  about  10''  of  living  species,  the  Miocene  about 
60*  and  the  Pliocene  abont  90^!,  but  these  percentages  are  not  of 
world  wide  application. 
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The  Tertiary  ot  oar  Atlantic  elope  coQsiBts  chiefl;  of  aands  and 
clays,  which  in  the  aonthem  states  are  well  developed.  A  mach 
larger  development  occurs  weat  of  the  Mississippi  river  on  the 
Bites  of  extinct  Tertiary  lakes.  Marine  Tertiary  is  also  fonnd  on 
the  Pacific  coast. 

In  New  York  state  the  Tertiary  is  not  accurately  identified  and 
is  indivisible,  but  is  probably  represented  by  sands  and  gravel 
on  Btaten  Island  and  Long  Island.  There  is  comparatively  little 
marine  Tertiary  in  North  America,  aa  the  northern  part  of  the 
continent  was  out  of  water  at  that  time.  The  Tertiary  beds  west 
of  the  Mississippi  are  chieSy  fresh  water  deposits  formed  in  lake 
basins.  The  Tertiary  was  a  period  of  monntain  making.  In 
southern  Europe  the  great  chains  of  mountains  known  locally 
as  the  Pyrenees,  Alps,  Apennines  and  Carpathians,  consist  to  a 
large  extent  of  Tertiary  rocks.  This  is  also  trne  of  the  Himalaya 
mountains  of  India.  It  is  known  that  extensive  distnrbancea 
in  our  Appalachian  system  occurred  daring  the  Tertiary. 

Life  of  the  Tertiary  period 
Birds  and  mammals  succeeded  the  reptiles  of  the  cretaceous. 
Of  the  mammals  all  the  orders  now  existing  were  r^>resented. 
Reptiles  were  not  more  numerous  than  at  present  and  were  simi- 
lar to  existing  genera.  Fishes  were  very  abundant.  Insects 
were  many  and  varied.  Mollusks  were  abundant;  oysters  oc- 
curred in  great  variety  and  of  enormous  size.  Corals  were  not 
I>lentifiil.  Land  plants  were  very  abundant  and  very  similar  to 
those  of  the  present  day;  the  cypress  grew  in  the  Arctic  regions. 

QUATEBNARY  SYSTEM 
At  the  close  of  the  Tertiary  a  cold  temperate  climate  rdgaed 
in  the  United  States  and  a  great  ice  age  began,  during  which  the 
northern  part  of  our  continent  was  covered  with  a  sheet  of  ice 
many  hundred  feet  thick.  The  chief  evidences  of  this  are  the 
inscriptions  of  the  continental  glaciers  on  the  rocks  in  the  shape 
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of  grooves  and  polielied  surfaces  and  the  material  transported 
by  it  '  ■,.,,];■ 

The  glacial  phenomena  are  well  marked.  Ice  worked  blocks 
of  stone  have  a  peculiar  angnlar  form,  which  does  not  occar  on 
water  worn  bonldera. 

The  theory  of  continental  glaciation  was  first  worked  out  in 
Europe  from  studies  of  the  glaciers  of  the  Alps.  These  are  the 
result  of  a  copious  precipitation  of  moisture  on  the  mountains 
In  the  form  of  snow  and  tbe  formation  of  snow  ice.  Large  masses 
of  this  consolidate  and  form  ice  rivers  or  glaciers,  which  slowly 
move  toward  the  valleys  grooving  and  polishing  the  rocks  over 
which  they  pass  and  tearing  off  rock  fragments,  which  in  turn  are 
jwlished  and  scratched  as  they  are  dragged  along  in  th«  base  of 
the  ice. 

Glaciers  now  exist  in  Iceland,  Greenland  and  Alaska  and  in 
other  Arctic  countries,  also  on  some  of  the  mountains  of  Wash- 
ington, South  America,  Asia  and  Africa.  They  also  abound 
within  the  Antarctic  Circle. 

Evidences  of  former  continental  glaciation  occur  in  both  hem- 
ispheres. 

In  Kew  York  state  the  continental  glacier  extended  as  far  south 
as  Long  Island  and  Btaten  Island  and  formed  at  its  front  a  great 
ridge  of  transported  rock  debris,  sand,  gravel,  boulders  and  clay, 
ut  some  points  over  360  feet  in  height,  which  is  called  the  'ter- 
minal moraine '  and  is  known  locally  as  the  back  bone  of  Long 
Island.  I 

After  reaching  its  point  of  maximum  extension  and  resting 
there,  perhaps  for  a  long  time,  the  ice  sheet  with  a  recnrrence  of  a 
warmer  climate  began  to  retreat.  This  retreat  was  not  at  an 
even  rate.  There  were  periods  of  arrested  motion  and  probably 
of  temporary  advance  as  shown  by  the  moraines  of  recession. 
These  are  masses  of  earth,  gravel  and  boalders  which  form  small 
hills  and  ridges.  , 

As  the  ice  melted,  great  volumes  of  water  were  poured  over 
the  land  and  the  valleys  were  flooded.  The  streams  thus  formed 
were  loaded  vdth  sand  and  gravel  which  they  carried  for  a  dis- 
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tance  and  dropped  to  form  the  flood  plains  and  terraces  which 
border  onr  riTer  valleyB  and  the  hills  of  sand  and  gravel  in  the 
valleys  which  are  called  kames  and  eshers.  Where  there  were 
bodies  of  still  water  the  finer  materials  were  dropped  to  form 
clay. 

At  this  time  the  country  was  deeply  sabmerged  and  tide  water 
filled  the  valley  of  the  Hudeon  river  and  Lake  Champlaln  bo 
that  the  Gulf  of  St  liawrence  and  New  York  harbor  were  anited. 
This  is  evidenced  by  the  fact  that  near  the  St  Lavcrence  and 
Lake  Champlain,  above  the  gravel  beds,  are  some  beds  of  clay  200 
feet  thick  or  more,  which  contain  marine  shells  of  species  now 
existing  on  the  coasts  of  New  England  and  Canada.  These  show 
that,  since  such  shells  were  living,  those  valleys  have  been  de- 
pressed below  the  sea-level,  long  enough  for  these  depodtB  of  clay 
to  be  formed.  They  are  known  m  pleistocene  clays.  The  Hud- 
son river  valley  clays  are  their  southern  extension,  but  contain  no 
fossils. 

The  Quaternary  deposits  of  New  York  are,  therefore,  chiefly 
those  made  in  the  presence  of  the  ice  and  those  resulting  from 
the  working  over  of  the  glacial  deposits  by  running  water.  In 
this  latter  process  the  angularity  of  the  glacial  boulders  and 
pebbles  has  been  worn  off.  The  evidences  of  glacial  action  are 
well  seen  in  almost  all  parts  of  this  state.  Almost  every  gravel- 
bank  consists  of  waterworn  fragments  of  the  old  rocky  strata; 
pebbles  of  limestonfi,  sandstone  and  slate,  with  some  of  gneiss 
and  granite,  which  universally  appear  to  have  been  transported 
from  north  to  south.  From  a  bushel  of  pebbles  taken  from  any 
gravel  bank  south  of  the  Erie  canal,  the  geologist  can  pick  out 
specimens  of  almost  every  stratum  which  is  exposed  north  of  the 
bed  whence  they  were  taken.  South  of  the  line  of  outcrop  of 
the  Helderberg  limestones,  the  gravels  are  full  of  fragments  of 
their  different  layers;  and  among  them  lie  worn  pieces  of  the 
red  Medina  sandstone,  others  of  the  Hudson  river  group,  and 
others  of  still  more  northern  strata;  while  some  are  granite  peb- 
bles, which  must  in  many  instances  have  come  from  Canada. 
They  have  evidently  been  transported  from  north  to  south  io 
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vast  qnantities;  they  are  smooth- wora,  and  are  smaller  the  farther 
they  are  found  from  their  original  strata;  they  are  generally  found 
in  irregular  layers  with  sand  and  clay,  as  if  left  so  by  the  action 
of  rapid  currents  of  water.  One  of  the  most  intereeting  facta 
connected  with  them  is,  that  they  have  been  in  many  cases  trans- 
ported from  lower  to  higher  levels,  even  up  steep  acclivities  and 
over  high  hills.  There  are  spread  with  them  also  (but  generally 
lying  on  the  surface  of  the  ground)  many  large  and  heavy  masses 
of  loose  rock,  called  boulders.  Some  of  these  are  limestones  or 
sandstones,  the  origin  of  which  can  easily  be  traced  to  thin  native 
strata  within  the  state;  others  are  granitic  masses,  which  must 
have  come  from  beyond  Lake  Ontario,  in  the  same  manner  that 
the  peculiar  crystalline  rocks  of  the  Adirondack  mountains  are 
found  to  have  been  carried  south  beyond  the  Mohawk  valley. 
The  surfaces  of  the  rocky  strata  in  all  the  country,  over  which 
these  '  drift  beds '  have  passed,  are  in  many  places  found  to  be 
worn  smooth,  and  scratched  or  furrowed  in  a  general  north  and 
south,  or  northwest  and  soatheast  direction,  as  if  heavy  materials 
had  been  dragged  or  driven  over  them. 

Quaternarjf  foasila 
Among  the  most  recent  of  the  fossil  remains,  which  link  to- 
gether the  vanished  forms  of  the  past  with  the  living  animals 
of  to-day,  are  the  bones  of  the  mastodon  and  fossil  elephant, 
which  are  occasionally  disinterred  In  various  parts  of  the  state, 
found  buried  only  In  recent  accumulations  of  muck,  peat,  or 
other  earthy  materials.  They  are  relics  of  a  very  modem  period, 
of  geologic  history,and  these  immense  animals  seem  to  have  lived 
during  the  existence  in  this  region  of  many  of  our  still-remaining 
wild  animals;  possibly  even  since  it  was  inhabited  by  man.  Speci- 
mens of  the  mastodon  have  been  found  at  Cohoes,  at  Batavia  and 
in  Orange  county.  In  addition  to  these  may  be  mentioned  the 
Castoroides  ohioensis,  a  gigantic  extinct  species  of  beaver,  which 
was  probably  of  the  same  period  with  the  mastodon.  A  skull 
of  this  species  was  found  near  the  village  of  Clyde,  in  earth,  dup- 
ing the  excavation  of  a  canal.  Remains  of  a  reindeer  have  been 
found  at  Sing  Sing. 
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The  petrified  wood,  leaves,  moss,  etc.,  whicli  are  oommon  in  our 
limestone  districts,  are  of  modern  date,  and  are  forming  at 
the  present  time.  The  rajn-water  which  percolates  through  the 
crevices  of  the  limestone  rocks,  by  means  of  the  carbonic  acid 
which  it  gathers  From  the  air,  dissolves  the  carbonate  of  lime;  and 
on  coming  again  to  the  air  in  springs,  re-deposits  it  in  the  form 
of  tufa,  a  drab-colored  mass  which  is  nearl;  pure  carbonate  of 
lime.  This,  as  it  gradnally  forms,  incmsts  the  leaves,  sticks,  etc., 
with  which  it  comes  in  contact ;  and  often,  aa  they  decay,  replaces 
them  in  sach  a  manner  as  to  present  the  same  form  and  structure; 
pieces  of  wood  being  thus  replaced  by  a  stony  mass  closely  re- 
sembling the  original  substance. 

Age  of  man 

Man  is  the  most  highly  specialized  member  of  the  animal  king- 
dom. His  remains  are  not  found  in  deposits  earlier  than  the  post 
glacial,  which  appear  to  have  an  age  of  not  many  thousand 
years.  There  is,  so  far,  no  clue  to  his  origin.  The  first  relics 
of  man  are  rude  implements  of  stone  or  bone  snch  as  knives, 
arrow-beads,  etc.,  and  are  found  in  the  gravels  of  streams  and  in 
caves. 

The  first  period  of  man  is  known  as  the  stone  age,  but  though 
it  ceased  long  ago  in  Europe,  in  North  America  it  has  existed 
to  within  the  present  century.  The  bronze  age  succeeded  the 
stone  age.    Last  of  all  came  the  age  of  iron  which  is  the  present. 


PRESENT  SURFACE  OF  NEW  YORK 

Under  this  head  it  is  important  to  consider  briefly  the  causes 
which  have  reduced  so  large  a  portion  of  the  rock  strata  of  New 
York,  from  the  original  condition  of  the  wide  and  uninterrupted 
extent  in  which  they  were  formed  to  that  of  an  undulating  and 
broken  aggregate  of  bills  and  valleys  wbich  we  now  see.  It  is 
probable  that  during  the  slow  process  of  emergence  from  their 
native  sea,  the  action  of  waves  and  currents  wore  them  deeply 
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and  extensively;  and  since  they  were  nplifted  to  their  present 
elevation,  the  elements  have  unremittingly  acted  upon  them. 

As  the  rocks,  newer  than  the  Carboniferous,  occur  in  but  small 
areas  within  our  state,  it  may  be  concluded  that  the  greater  part 
of  this  region  has  been  above  water  since  the  Carboniferons 
period,  during  the  countlesB  ages  while  the  Triassic,  Jurassic, 
Cretaceous  audi  Tertiary  rocks  were  formed  and  during  the  depo- 
sition of  which  the  animated  population  of  the  earth  has  been 
changed  many  times.  All  of  these  formations  were  made  of  sedi- 
ments worn  from  pre-existing  land.  It  is  to  be  expected,  there- 
fore,  that  this  ancient  land  should  show  the  marks  of  vast  erosion 
and  wear.  Borne  marks  of  this  are  found  in  the  long  and  deep 
valleys  which  traverse  the  state,  all  of  which  have  been  worn 
out  of  the  solid  strata,  the  remaining  portions  of  which  form  the 
adjacent  hills.  These  valleys  are  being  worn  deeper  where  the 
livers  are  strong  and  their  cutting  action  continues,  and  every- 
where they  are  being  widened  and  the  mountains  and  hills  re- 
duced in  height  by  rains  and  frost.  Borne  valleys  have  been 
excavated  much  below  the  level  of  their  present  outlets,  so  that 
they  retain  the  drainage  and  form  the  remarkable  series  of  finger 
lakes  previously  mentioned. 

Vast  as  the  work  may  seem,  the  fact  is  plain  that  not  only 
have  these  valleys  been  formed  by  erosion,  but  hundreds  of  feet 
of  rocky  strata  have  been  removed  from  the  summits  of  the  hills 
themselves  and  from  large  tracts  of  plain  country.  The  whole 
vast  basin  of  Lake  Ontario  is  an  excavation  in  rocks  which  still 
lie  nearly  as  level  as  when  hrst  deposited;  and  there  seems  no 
reason  to  doubt  that  the  northern  edges  of  the  enormous  thick- 
ness of  formations  above  the  Helderberg  limestones  once  over- 
spread the  present  lowlands  of  the  counties  bordering  that  great 
body  of  water. 

Such  long  lines  of  bluffs  as  the  Niagara  '  mountain  ridge,'  and 
the  steep  escarpments  of  the  Helderberg  limestones,  are  evidences 
of  the  great  work  of  erosion.  The  existence  of  old  beaches,  such 
as  the  Lake  Ridge  near  Eochester,  proves  that  the  waters  of  the 
lake  once  stood  far  higher  than  now. 
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ECONOMIC  GEOLOGY 

Building  Stone  " 
granitic  rocks 

Granite,  Gneiss,  Syenite,  Trap  and  Norite 

Granite.  Typical  granite  is  a  crystalline,  granular  mixture  of 
a  feldspar,  quartz  and  bomblende.  In  addition  to  these  essential 
constituents,  one  or  more  accessory  minerals  may  be  present. 
The  more  common  are  the  micas,  muscovite  and  biotite,  garnet, 
tonrmaline,  magnetite  and  pyrite.  The  character  of  the  rock  is 
often  determined  by  the  presence  of  these  accessory  constituents 
in  quantity,  as  in  some  cases  the  hornblende  is  entirely  replaced 
by  mica.  ^ 

The  chemical  composition  also  varies  from  that  of  the  average 
or  typical  kind.  The  mineralogical  differences  mark  the  varie- 
tles,  thus  there  are:  hornblende  granite,  biotite  granite,  tourma- 
line granite,  etc. 

The  texture  of  granites  is  determined  by  the  aggregated  miner- 
als entering  into  their  composition.  It  varies  from  coarse-crystal- 
line, in  which  the  individual  crystals  may  be  an  inch  or  more  in 
length,  to  fine-crystalline  and  aphanitic,  wherein  the  minerals 
are  hardly  visible  to  the  eye.  In  consequence  of  the  wide  varia- 
tion due  to  the  mode  of  arrangement  of  the  mineral  constituents, 
there  is  an  equally  great  variety  noticeable  in  the  texture. 

The  color  also  is  dependent  upon  the  minerals.  As  feldspar 
is  the  predominant  constituent  it  gives  character  to  the  mass, 
and  the  red  varieties  owe  their  color  to  the  red  or  pink  feldspars 
in  them,  as  In  the  case  of  the  granite  of  Grindstone  Island  in 
the  St  Lawrence.    The  shades  of  gray  are  due  to  the  varying 
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amoant  of  the  dark  colored  mica  mixed  with  the  feldspar  and 
quartz;  and  the  dark  colored  varieties  owe  their  color,  in  moat 
cases,  to  hornblende  or  tourmaline  which  may  be  present. 

The  beauty,  ease  of  working,  durability  and  value  of  the  gran- 
ites for  use  in  construction  ia  related  closely  to  their  mineralo- 
gical  composition.  Their  arrangement  in  the  mass  and  their 
relative  proportions  determine  the  color  and  give  beauty.  The 
presence  or  absence  of  certain  species  influence  the  hardness  and 
homogeneous  nature  and  the  consequent  ease  with  wbic£  tiie 
stone  can  be  dressed  and  polished.  For  example  the  mica,  if 
disposed  in  parallel  surfaces,  gives  a  foliated  structure  and  tends 
to  produce  what  is  known  as  rift,  and  the  granite  is  more  readily 
split  in  the  planes  of  the  mica  than  across  them.  Again  the  mica 
flakes  may  be  eo  large  and  irregularly  massed  that  the  surface  is 
not  susceptible  of  a  uniform  degree  of  polish.  Hornblende,  on 
account  of  its  superior  toughness,  is  less  brittle  than  pyroxene 
under  the  polishing,  and  the  hornblende  granites  are  said  to  be 
preferred  to  those  rocks  which  contain  pyroxene  in  quantity. 

The  more  nearly  alike  in  hardness  and  the  more  intimately 
interwoven  the  texture  of  the  minerals,  the  more  capable  they  are 
of  receiving  a  good  polish.  Hence  it  follows  that  the  very  coarse 
crystalline  granites  are  not  so  well  suited  for  ornamental  work. 

The  enduring  properties  of  granites  vary  with  the  nature  of 
the  minerals  in  their  composition.  Although  popularly  they  are 
regarded  as  our  most  durable  building  stone,  there  are  some 
notable  exceptions,  which  are  evident  in  the  natural  outcrops, 
where  this  rock  is  found  decayed  to  the  depth  of  100  to  200  feet, 
and  in  the  active  disintegration  which  is  in  progress  in  structures 
of  the  present  century.  Foliated  varieties  placed  on  edge  in 
buildings,  tend  necessarily  to  scale  under  the  great  changes  of 
temperature  in  our  northern  cities  and  towns.  The  more  rapid 
decomposition  of  the  micas  makes  those  varieties  in  which  they 
occur  in  large  flakes  or  aggregations  more  liable  to  decay.  The 
condition  of  the  feldspar  also  is  often  such  as  to  influence  the 
durability.  When  kaolinized  in  part,  it  is  an  element  of  weak- 
ness rather  than  of  strength.    The  presence  of  the  easily  deeom- 
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poeable  Tarieties  of  pjrite  la  not  only  prejudicial  to  strength 
and  durability  bat  also  to  tlie  beanly  of  the  stone  ae,  soon  as  it 
begitis  to  decay, 

The  term  '  granite '  as  used  among  builders  and  architects  is 
not  restricted  to  rock  species  of  this  name  in  geologic  nomencla- 
ture, but  includes  what  are  known  as  gneisses  (foliated  and 
bedded  granites),  diorites,  gabbro  and  other  crystalline  rocks 
whose  nses  are  tlie  same.  In  fact,  the  similar  adaptability  and 
use  have  brought  the  latter  species  into  the  class  of  granites. 
For  example,  the  An  Sable  granite  of  Essex  county  is  a  norite. 
The  term  is  applied  in  some  cases  to  the  diabases  or  trap-rocks, 
as  the  '  granite  quarries '  of  Staten  Island. 

Another  massive  crystalline  rock  which  ia  used  in  building  is 
norite,  consisting  of  labradorite  and  hypersthene,  with  some 
brown  mica.  It  is  a  common  rock  in  the  Adirondack  region,  and 
is  known  commercially  as  a  granite. 

The  massive  crystalline  rocks  are  of  common  occurrence  in 
New  York,  but  not  in  outcrops  over  extensive  areas,  excepting 
in  the  Adirondack  region  and  in  the  Highlands  ot  the  Hudson. 
The  schistose  crystalline  rocks  are  developed  extensively  in  the 
Highlands  of  the  Hndson  and  on  the  borders  of  the  Adirondack 
region.  On  New  York  island  and  within  the  city  limits  the 
gneiss  rocks  have  been  quarried  at  many  points.  In  Westchester 
county  there  are  belts  of  gneiss  and  mica  schist,  in  which  quarries 
have  been  opened  near  Hastings;  near  Hartsdale,  east  of  Yonk- 
ers;  at  Kensico;  at  Tarrytown  and  at  Gannng's,  west  of  Oroton 
Falls.  In  Putnam  eonnty  there  are  quarries  of  granite  near 
Peekskill,  Garrison's  and  Cold  Spring.  West  of  the  Hndson 
river  there  are  quarries  on  lona  island;  at  West  Point;  on  Storm 
King  mountain,  near  Cornwall;  near  Buffern;  at  Bamapo;  and 
on  Mount  Eve,  near  Florida.  The  outcrops  of  the  gneiwold  and 
granitoid  rocks  are  so  numerous  in  the  belt  of  the  Hudson  High- 
lands that  quarries  can  be  opened  at  many  points.  The  supply 
of  stone  is  inexhaostible.  On  the  Hudson  river,  between  Peeks- 
kill  and  Fishkill,  there  is  a  fine  section  of  these  rocks  exposed. 
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Ob  the  borders  of  the  Adirondack  region  quarries  have  been 
opened  in  the  towns  of  Wilton,  Hadley  and  Greenfield,  in  Sara- 
toga county;  at  Whitehall,  in  Washington  county;  at  Littlefalls, 
in  Herkimer  county;  Grindstone  Tsland,  Jefferson  county;  and 
near  Canton  In  Bt  Lawrence  county.  The  inaccessibility  of  much 
of  this  region  and  the  distance  from  the  large  city  markets  have 
prevented  the  opening  of  more  quarries  in  the  gneissic  rocks  on 
the  borders  of  the  Adirondacks. 

TRAP 

Trap-rock  or  trap  is  the  commoD  oame  given  to  a  class  of 
eruptive  rocks  because  of  «.  structural  peculiarity,  and  has  no 
distinctive  significance  in  mineralc^ical  composition.  The  rocks 
of  the  Palisade  mountain  range  and  of  the  Torn  mountain,  which 
extends  from  the  New  Jersey  line,  on  the  west  shore  of  the  Hud- 
son river  to  Haverstraw,  are  known  as  trap-rocks.  There  is  ao 
outcrop  on  Staten  Island,  at  Graniteville,  near  Port  Richmond, 
where  a  large  amount  of  stone  has  been  quarried  at  the  so-called 
'  granite  quarries.' 

The  trap-rock  of  the  Palisades  range  is  a  crystalline,  granular 
mass  of  plagioclase  feldspar  (usually  labradorite)  augite  and 
magnetite.  It  is  generally  finer  crystalline  than  the  granite. 
The  colors  vary  from  dark  gray  through  dark  green  to  almost 
black. 

This  trap-rock  is  hard  and  tough,  but  some  of  it  is  split  readily 
into  blocks  for  paving.  It  has  been  used  extensively  in  New 
York  and  adjacent  cities  for  street  paving,  bnt  since  the  introduc- 
tion of  granite  blocks  this  use  has  nearly  ceased.  On  account 
of  its  toughness  it  makes  an  admirable  material  for  macadamiz- 
ing roadways.  It  ia  so  hard  that  only  i^ock-face  blocks  are  used 
in  constructive  work.  Several  prominent  buildings  in  Jersey 
City  and  Hoboken  are  built  of  it.  There  is  a  large  quarry  on  the 
river  at  Rockland  lake,  near  Haverstraw,  the  output  of  which 
is  for  street  work  and  road  material  almost  exclusively.  There 
are  also  quarries  at  Piermont  and  at  Oraniteville,  Staten  Island. 
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SANDSTONE 

Sandstone  consista  of  grains  of  Band  which  are  anited  hy  a 
cement. 

The  grains  may  be  of  varying  sizes,  from  almost  impalpable 
dust  to  small  pebbles,  and  may  be\angnlar  or  more  or  less  roanded 
in  form.  The  cementing  matter  also  may  vary  greatly  in  its 
nature.  From  this  variation,  both  in  the  grains  and  in  the 
cement,  there  is  an  almost  endless  gradation  in  the  binds  of  sand- 
stone. 

Qnartz  is  the  essential  constituent,  but  with  it  there  may  be 
feldspar,  mica,  calcite,  pyrite,  glancouite,  clay  or  other  minerals, 
and  rock  fragments  common  to  stone  of  sedimenfary  origin. 
These  accessory  materials  often  give  character  to  the  mass,  and 
make  a  basis  for  a  division  into  feldspathic,  micaceous,  calcare- 
ous sandstones,  etc..  as  one  or  another  of  them  predominates. 

The  texture  of  the  mass  also  is  subject  to  a  wide  range  of  vari- 
ation, from  fine-grained,  almost  aphanitic,  to  pebbly  sandstone, 
or  conglomerate,  or  a  brecciated  stone  in  which  the  component 
parts  are  more  or  less  angnlar. 

Some  of  the  brown  sandstones  of  the  Triasaic  age,  qnarried 
near  Haverstraw,  are  such  conglomeratic  and  brecciated  sand- 
stones. Accordingly,  as  the  grains  are  small  or  large,  the  stone 
is  said  to  be  flne-grained  or  coarse-grained. 

The  variety  of  the  cementing  material  also  affords  a  basis  for 
classification.  Bllicions  sandstones  have  the  grains  bound  to- 
gether by  silica.  They  consist  almost  exclusively  of  r|nartz, 
and  grade  into  qnartzite.  The  ferruginous  varieties  have  for 
their  cement  an  oxide  of  iron,  often  coating  the  grains  and  mak- 
ing a  considerable  percentage  of  the  whole.  The  iron  is  usually 
present  as  ferric  oxide.  Calcareous  sandstones  are  marked  by 
the  presence  of  carbonate  of  lime.  When  it  exceeds  the  quartz 
In  amount,  the  sandstone  becomes  a  silicions  limestone.  In  the 
argillaceous  varieties,  the  binding  material  is  a  clay,  or  an  im- 
pure kaolin. 

The  cementing  material  determines  in  moat  cases  the  color. 
The  various  shades  of  red  and  yellow  depend  upon  the  iron 
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oxides;  some  of  the  rich  pnrple  tints  are  aaid  to  be  dne  to  oxide 
of  manganese. 

The  gray  and  bine  tints  are  produced  by  iron  in  the  form  of 
ferrouB  BJlicate  or  carbonate.  By  an  irregnlar  aseociatioD  of 
masses  of  different  colors  a  variegated  snrface  is  prodnced,  or  by 
an  alternation  of  white  and  variously-colored  laminse  a  striped 
appearance  is  given  to  the  mass. 

Sandstones  occur  stratified  and  in  beds  of  greater  or  leas  thick- 
ness, and  tbey  are  said  to  be  thick-bedded  or  thin-bedded.  In 
some  cases  the  beds  are  so  thick,  and  the  stone  of  such  a  unifonn 
textnre,  that  the  stone  can  be  worked  equally  well  in  all  direc- 
tions, and  is  known  as  freestone.  A  laminated  structure  is  com- 
mon, especially  in  the  thin  strata,  or  when  the  stone  Is  micaceous. 
When  the  beds  can  be  split  into  thin  slabs  along  planes  parallel 
to  the  bedding,  it  is  called  a  ftaggtme.  A  less  common  structure 
ia  what  is  termed  lenticular  or  wedge-shaped,  in  which  the  upper 
and  under  surfaces  lack  parallelism,  and  the  beds  wedge  out.  It 
makes  the  quarrying  more  difficult,  and  produces  more  waste 
material. 

The  variations  in  the  nature  of  the  component  grains,  and 
binding  material,  in  their  arrangement,  and  in  the  forms  of  bed- 
ding, produce  a  great  variety  of  stone,  and  the  gradations  from 
one  to  another  are  slight.  The  hardness,  strength,  beauty  and 
durability  are  determined  by  these  varying  elements  of  constitu- 
tion. The  stone  best  resisting  the  action  of  the  atmospheric 
agencies  is  that  in  which  the  quartz  grains  are  cemented  by  a 
silicious  paste,  or  in  which  the  close-grained  mass  approaches 
in  texture  a  quartzite. 

The  presence  of  mineral  liable  to  decomposition,  as  feldspar 
highly  kaolinized,  of  mica,  marcasite,  and  pyrite,  of  calcite  in 
quantity,  and  clays,  affects  the  durability  and  tends  to  its  de- 
struction. 

Sandstones  are  classified  according  to  their  geologic  age  aim. 
They  are  found  occurring  in  all  the  series,  from  the  oldest  to  the 
most  recent  formations.     Those  of  a  given  age  are  generally 
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marked  by  characteristic  properties,  wbich  serve  for  their  identi- 
flcatioD,  aside  from  the  fossil  organic  remains  by  which  their 
exact  position  in  the  geologic  series  is  fixed.  This  persistence 
in'  characters  is  exemplified  in  tlie  Medina  sandstones,  in  the 
Devonian  bluestone,  and  in  those  of  Triassic  age. 

Sandstones  occur  in  workable  quantity  in  nearly  all  the  greater 
dirinoDS  of  the  state. 

Quarries  have  not,  however,  been  opened  everywhere  in  the 
sandstone  formations,  because  of  the  abundant  supply  of  superior 
stone  from  favorably  situated  localities.  There  are,  in  conse- 
quence, large  sandstone  areas  and  distrlcta  in  which  there  is  an 
absence  of  local  development,  or  abandoned  enterprises  mark  a 
change  in  conditions,  which  has  injuriously  afEected  the  quarry 
indDstry. 

Following  the  geologic  order  of  arrangement  and  beginning 
with  the  Potsdam  sandstone,  the  several  sandstone  formations 
are  here  briefly  reviewed. 

Potsdam  sandstone 

This  formation  is  the  oldest  in  which.  In  this  state,  sandstone 
is  quarried  for  building  porposes." 

The  bottom  beds  are  of  fine,  silicions  conglomerate;  above  are 
sandietoues  generally  in  thin  beds.  It  is  gray-white,  yellow, 
brown  and  red  in  color.  In  texture  it  varies  from  a  strong,  com- 
pact qnartzite  rock  to  a  loosely  coherent,  coarse-granular  mass, 
which  crumbles  at  the  touch. 

Ontcrops  of  limited  area  occur  in  the  Mohawk  valley.  In  the 
Champlain  valley  the  formation  is  well  developed  at  Fort  Ann, 
Whitehall,  Port  Henry  and  Keeseville,  and  qnarries  are  opened 
at  these  localities.  The  stone  is  a  hard,  quartzose  rock,  and  in 
thin  beds.  North  of  the  Adirondacks  the  formation  stretches 
westward  from  Lake  Champlain  to  the  St  Lawrence;  and  there 
are  quarries  in  the  towns  of  Malone,  Bangor  and  Moira  in  Frank- 
lin coonty;  in  Potsdam  and  Hammond  in  St  Lawrence  county; 

a  Soma  o[  tba  »nastoDei  eftat  ol  the  Hudgac  kdiI  in  tbe  TachktDic  ruige  nwy  belDiis 
iir.   of  BiHcner,    aerlfa   lU,  TOl.  M,  pp.   lW-401. 

.e  local  Itlea. 
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and  in  Clayton,  Jefferson  county.  In  parts  of  Clinton  oonn^  the 
stone  is  too  friaMe  for  building. 

The  moat  extensive  openings  are  near  Potsdam;  the  atone 
is  hard,  compact  and  eyen-grained,  and  pint  to  red  in  color. 
Borne  of  it  haa  a  laminated  structure  and  striped  appearance.  It 
ia  an  excellent  hnilding  stone  and  is  widely  known  and  esteemed 
for  its  beauty  and  durability. 

The  Hammond  quarries  produce  a  gray  to  red  stone.  Ifearly 
all  of  the  output  is  cut  into  paving  blocks  and  street  material. 

Hudson  mer  sandstone 

Bocks  of  this  group  outcrop  in  Orange  county,  northwest 
of  the  Highlands  and  in  the  valley  of  the  Hudson  river  north- 
ward to  the  Cbamplain  valley  in  Washington  county.  Prom  the 
Hudson  we9tward,the  Mohawk  valley  is  partly  occupied  by  them. 
The  belt  increases  thence  in  breadth,  in  a  northwest  course  across 
Oneida,  Oswego  and  Lewis  counties,  and  continaee  to  Lake 
Ontario.  '  { 

The  rocks  consist  of  shales  interbedded  with  sandstones  and 
Bilicions  conglomerates. 

Tlie  saudatones  are  generally  fine-grained  and  of  light-gray  or 
greenish-gray  color.  They  are  often  argillaceous  and  not  adapted 
for  building  purposes.  But  the  even-bedded  and  well-marked 
jointed  structure  makes  the  quarrying  comparatively  easy,  and 
the  nearness  to  lines  of  transportation,  and  to  the  cities  of  the 
Hudson  and  Mohawk  valleys  have  stimulated  the  opening  of 
qnarriea  at  many  points. 

For  comTuon  rubble  work  and  for  local  use,  the  quarries  in  this 
formation  have  furnished  a  large  amount  of  stone.  The  more 
important  quarrying  centers  are  now  at  Ehinecliff-on-tbe-Hudson, 
Now  Baltimore  and  Troy,  in  the  Hudson  valley;  at  Aqueduct, 
Schenectady  and  Duanesburg,  Schenectady  county;  and  Frank- 
fort Hill,  Oneida  county.  Flagstones  are  quarried  from  this 
formation  in  the  gorge  of  the  Bozenkill  a  few  miles  northwest 
of  Altamont,  Albany  county. 
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Oneida  conglomerate 

This  formation  is  developed  to  its  greatest  thickness  in  the 
Shawangunk  rooQDtain  in  Orange  and  Ulster  countiea. 

It  is  recognized  in  the  Bellevale  and  Skunnemunk  mountaioB, 
also,  in  Orange  connty.  In  the  central  part  of  the  state  it  is 
traced  westward  in  a  narrow  belt  from  Herkimer  county  into 
'  Oneida  county.  The  prevailing  rocks  are  gray  and  reddish-gray, 
silicious  conglomerates  and  sandstones,  which  are  noted  for  their 
hardness  and  durability.  The  cementing  material  is  silicious. 
The  jagged  edges  and  angular  blocks  and  the  polished  and 
grooved  surfaces  of  the  glaciated  ledges,  so  common  on  the 
Shawangnnk  range,  afford  the  best  proof  of  the  durable  nature 
of  these  rocks.  The  bottom  beds,  near  the  slate,  contain  some 
pyrite.  No  attempt  has  been  made  to  open  quarries  for  stone, 
excepting  at  a  few  localities  for  occasional  use  in  common  wall 
work.  The  grit  rock  is  quarried  near  Esopua  creek  for  mill- 
stones, and  at  Ellenville  is  crushed  for  glass  sand. 

The  accessibility  of  the  outcrops  to  the  New  York,  Lake  Erie 
and  Western  railroad,  the  New  York,  Ontario  and  Western  rail- 
road, the  West  Shore  railroad  and  the  Delaware  and  Hudson 
canal  lines  is  an  advantage,  as  well  as  the  comparative  nearnesa 
to  New  York.  No  other  formation  in  the  state  exhibits  in  its 
outcrops  better  evidence  of  ability  to  resist  the  weather. 

Medina  sandstone 

The  Medina  sandstone  is  next  above  the  Oneida  conglomerate. 
It  is  recognized  in  the  red  and  gray  sandstones  and  the  red  and 
mottled  (red  and  green)  shales  of  the  Shawangunk  and  Skunne- 
munk  mountains  in  Orange  connty.  A  large  amount  of  the  red 
sandstone  has  been  quarried  on  the  north  end  of  the  Skunne- 
mnnk  range,  in  the  town  of  Cornwall,  for  bridge  work  on  the 
railroads  which  cross  the  range  near  the  quarry. 

The  red  sandstone  is  seen  exposed  in  the  cuts  of  the  Erie 
railway  northeast  of  Port  Jervis.  This  formation  reappears  in 
Oswego  county,  and  thence  west  to  the  Niagara  river  in  a  belt 
bordering  Lake  Ontario. 
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Qaartz  is  the  principal  mineral  ccmBtitnent  associated  with 
some  kaolinized  feldspar.  Tiie  cementiiig  material  is  mainly 
oxide  of  Iron,  with  less  carbonate  of  lime.  The  stone  is  even- 
bedded  and  the  strata  dip  gently  southward.  The  prerailing 
BjBtems  of  vertical  joints,  generally  at  right  angles  to  one  an- 
other, divide  the  beds  into  blocks,  facilitating  the  labor  of 
qnarrying. 

Qnarries  have  been  opened  at  Fulton,  Granby  and  Oswego,  in 
Oswego  county;  at  several  points  in  Wayne  county;  at  Rochester, 
on  the  Irondeqnoit  creek,  and  at  Brockport,  Monroe  county;  at 
Holley,  Hulbnrtoa,  Hindsburg,  Albion,  Medina  and  Shelby  Basin, 
in  Orleans  twunty;  and  at  Lockport  and  Lewiston,  in  Niagara 
county.  The  Medina  sandstone  district  proper  ia  restricted  to 
the  groap  of  quarries  from  Brockport  WMt  to  Lockport. 

The  leading  varieties  of  stone  are  known  as  the  Medina  red 
stone,  the  white  or  gray  Medina  and  the  variegated  (red  and 
white)  or  spotted.  The  quarries  in  this  district  are  worked  on 
an  extensive  scale,  and  their  equipment  is  adequate  to  a  large 
annual  production.  The  aggregate  output  is  larger  and  more 
valuable  in  dimension  stone  for  dreeaing  than  that  of  any  other 
quarry  district  in  the  state.  Including  the  stone  for  street  work, 
the  total  value  is  greater  than  that  obtained  from  the  stone  of 
any  other  geological  formation  in  the  state.  The  stone  has 
gained  a  well-deserved  reputation  for  its  value  as  a  beautiful 
and  durable  building  material;  and  its  more  general  employment, 
both  in  construction  and  in  paving,  is  much  to  be  desired.  The 
extent  of  the  outerops  offers  additional  sites  for  quan-ying  opera- 
tions, and  the  greater  use  of  this  stone,  and  the  increase  of  the 
producing  capacity  of  the  district  are  here  suggested. 

Clinton  group 
The  rocks  of  this  group  are  shales,  thin  beds  of  Iim^tone  and 
shaly  sandstones.  They  crop  out'ttTa  narrow  belt  from  Herkimer 
county  west  to  the  Niagara  river  and  bordering  the  Medina  sand- 
stone on  the  south.  Sandstone  for  building  bas  been  quarried 
in  the  southern  part  of  Herkimer  county ;  at  Clinton,  near  Vernon 
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and  at  Higginsville  in  Oneida  county,  from  this  formation.  The 
nearne»a  of  tbe  Medina  sandstone,  witb  its  more  accessible  qnar- 
ries  and  superior  stone,  has  prevented  the  more  extensive  devel- 
opment of  the  quarrying  industry  in  the  sandstone  of  tbe  Clinton 
group. 

Oriskany  sandstone 

Tbe  Oriskany  sandstone  formation  is  best  developed  in  Oneida 

and  Otsego  counties.    The  rock  is  hard,  silicious  and  cherty  in 

places,  aud  generally  too  friable  to  make  a  good  building  stone. 

No  quarry  of  more  than  a  local  importance  is  known  in  it. 

Cauda  galli  grit  and  Schoharie  grit 
Theee  rocks  are  limibed  to  Schohanie  and  Albany  counties  and 
to  a  very  narrow  belt  wbich  sitretcbee  oontb  and  tbenoe  «>uth- 
weet  to  Ulster  county.  The  Cauda  galli  sandstones  are  argilla- 
ceous and  calcareous  and  axe  not  durable.  They  are  used  in 
Albany  county  for  road  metal,  bat  are  not  very  good  for  this 
purpose.  Tbe  Schoharie  grit  ie  generally  a  fine-grained,  calcare- 
ous sandrock  which  also  is  unsuited  for  building.  Quarries  in 
these  rocks  have  local  use  only. 

Marcellus  shale 
As  ita  name  implies,  this  formation  is  characterized  by  shaly 
rocks,  wMcb  are  not  adapted  to  building.  The  abundenoe  of 
good  building  stome  in  the  nesjt  geologic  member  below  it — ^the 
Cornifefous  limestone — whose  ouifcrop  borders  it  on  the  north 
throughout  the  central  and  western  parts  of  the  state,  also  pre- 
vents any  use  which  might  be  made  of  its  stone.  A  single  quarry 
was  at  one  time  opened  in  it  a.t  Chapinville,  Ontario  county. 

Hamilton  group 
Tbe  rocks  of  the  Hamilton  group  outcrop  in  a  narrow  belt, 
which  run«  from  the  Delaware  rivef ,  in  a  northeast  course,  across 
Sullivan  and  Ulster  counties  to  the  Hudson  valley  near  Kings- 
ton; [hence  north,  in  the  foot-hills,  bordering  the  Catskills,  to 
Albany  county;  then,  bending  to  the  northwest  and  west  across 
the  Helderberg  mountains  into  Schoharie  county;  tlienoe  inoreas- 
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ing  in  width,  throagh  Otsego,  Madison  and  Onondaga  coantiefl, 
forniing  the  upper  part  of  the  Susquebaniia  and  Chenango  water- 
sheds; thence  west,  across  Cajuga,  Seneca,  Ontario,  Livingston, 
Genesee  and  Erie  conoties  to  Lake  Erie.  In  thae  distance  there 
is  some  variation  in  composition  and  itexture.  In  the  westem 
and  centra)  parts  of  the  atate  there  is  an  immense  development 
of  shales  and  the  few  quarries  in  the  eandstoue  referable  to  this 
group  are  unimportant.  In  the  Helderberg  region  in  the  Hud- 
son valley  and  thence,  southwest,  to  the  Delaware  river,  the  sand- 
stones predominate,  and  all  of  the  bede  are  more  sandy  than  at 
the  west, 

Blueatone 

There  is  a  great  developmemt  of  the  bluiehgray,  hard,  compact 
and  even-bedded  stone,  which  is  Imown  ae  '  Hudson  river  blue- 
stone,' 

This  is  a.  variety  of  sandstone,  which,  by  reason  of  its  even 
.  texture  can  be  cut  or  sawed  into  any  desired  form  and  is  there- 
fore peculiarly  available  for  house  trimmings  of  various  kinds. 
The  sandstone  is  usually  interbedded  with  shale  and  in  general, 
the  layers  in  the  quarries  vary  from  an  inch  to  several  feet  in 
thickness;  the  thinner  of  these  are  used  for  flagstones  and  the 
thicker  are  cut  into  dimension  «tones  for  building  purposes. 

The  geological  horizon  of  the  commercial  bluestone  is  very  near 
the  dividing  line  between  the  Hamilton  and  Poriage  groups.  It 
is,  however,  not  usually  possible  to  determine  in  which  of  these 
groups  a  given  quarry  belongs,  owing  to  the  great  scarcity  of 
fossils. 

The  bluestone  industry  is  chiefly  located  in  Ulster  county  and 
the  quarries  are  almosit  innumerable  but  the  business  is  con- 
trolled by  a  few  large  dealers  who  are  located  at  points  favorably 
situated  for  shipment  and  who,  to  a  considerable  extent,  buy  ■ 
stone  from  the  men  who  quarry  it.  Bluestone  is  also  produced 
in  the  counties  of  Albany,  Greene,  Snllivan,  Delaware  and  Chen- 
ango in  Eas-tem  New  York  and  in  Cattaraugus  and  Wyoming 
counties  in  Western  New  York. 
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The  nninber  of  qaarrles  is  large  and  can  be  increased'  in- 
de^nitely,  as  nearly  the  wliole  area  of  tbe  formatioa'  appears 
to  be  capable  of  producing  stone  for  flagging  or  for  building. 
Tbe  difQcuIt;  of  indicating  the  division  line  t>etween  the  Hamil- 
ton and  the  Oneonta  and  the  Hamilton  and  the  Portage  groups 
of  rocks  makes  it  impossible  to  refer  to  localities  more  particul- 
arly. The  quarries  neax  Cooperstown,  and  in  the  lake  region, 
particularly  at  Atwater,  Tramansburg,  Watkins  and  Peun  Yan 
belong  to  tlie  Hamilton  giy>up. 

Portage  group 

In  this  is  included  tbe  Oneonta  sandstone,  tbe  limits  of  which 
at  the  east  can  not  be  indicated;  the  flagstone  beds  of  the  Hud- 
son valley  and  of  tlie  eastern  part  of  tbe  State  continue  up  into 
the  Oneonta  sandstone  horizon.  Many  of  the  quarries  are  in  the 
latter  formation.  The  more  western  and  northwratern  and  higher 
quarries  are  in  it;  and  some  of  the  Chenango  county  quarries  also. 

The  Portage  rocks  in  tbe  western  part  of  the  State  consist  of 
sbales  at  tbe  base;  then  shales  and  flagstones;  and  tbe  Portage 
sandstone  at  tbe  top.  In  the  last  division,  thick  beds  with  little 
sbale  are  marks  of  this  horizon.  The  stone  is  generally  floe- 
grained.  The  quarries  near  Portage  and  near  Warsaw  are  in  it; 
also  the  quarries  at  Laonaand  Westfleld  in  Chautauqua  county. 

Although  not  of  as  great  extent  in  its  outcrop  as  the  Hamilton 
group,  the  Portage  rocks  are  developed  to  a  thickness  of  several 
hundred  feet  along  the  Genesee  river  at  Mount  Morris  and  at 
Portage;  and  form  a  belt  having  a  breadth  of  several  miles 
through  Tompkins,  Schuyler,  Yates,  Ontario  and  Livingston  coun- 
ties, and  thence  west  to  Lake  Erie.  The  formation  is  capable  of 
supplying  an  immense  amount  of  good  building  stone  and  flag- 
stone throughout  its  undeveloped  territory. 

Chemung  group 

The  rocks  of  the  Chemung  group  crop  out  in  the  southern  tier 

of  counties,  from  Lake  Erie  eastward  to  the  Susquehanna.    Tbe 

shales  are  in  excess  of  the  sandstones  in  many  outcrops,  and  there 
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iB  less  good  building  stoDe  than  in  the  Portage  horizon.  The 
variation  in  color  and  texture  is  necesearil;  great  in  the  exteueive 
area  occupied  b;  the  Chemung  rocks,  but  the  sandstones  can  be 
described  as  thin  bedded,  generally  intercalated  with  sbaly  strata, 
and  of  a  light-gray  color,  often  with  a  tinge  of  green  or  olive- 
colored.  The  outcropping  ledges  weather  to  a  brownish  color. 
Owing  to  the  shaly  nature  of  much  of  the  sandstone  of  the  Che- 
mung group,  the  selection  of  stone  demands  care,  and  the  location 
of  quarries  where  good  stone  may  be  found  is  attended  with  the 
outlay  of  time  and  money,  and  with  great  chances  of  possible  fail- 
ure. Quarries  have  been  opened  near  the  towns  and  where  there 
is  a  market  for  ordinary  grades  of  common  wall  stone,  and  also  for 
cut  stone,  but  the  larger  part  of  their  product  is  put  into  retaining 
walls.  At  Elmira  and  Corning  good  stone  has  been  obtained, 
which  is  expensire  to  dress,  and  does  not  compete  for  fine  work 
with  sandstones  from  districts  outside  of  the  State.  The  quarries 
at  Waverly,  Owego,  Elmira  and  Corning,  and  nearly  all  of  the 
quarries  in  Allegany,  Cattaraugus  and  Chautauqua  counties  are 
in  the  Chemung  sandstone. 

Catskill  group 
As  implied  in  the  name,  this  formation  is  developed  in  the  Cat- 
skill  mountain  plateau  in  the  eastern  part  of  the  state.  Sand- 
stonefi  and  silicions  conglomerates  predominate  over  the  shales. 
The  thicker  beds  of  sandstones  are  generally  marked  by  oblique 
lamination  and  cross-bedding,  which  make  it  difficult  and  expen- 
sive to  work  into  dimension  blocks.  Except  for  flagging  and  for 
local  use  but  little  is  quarried.  There  are  no  large  towns  in  the 
district,  and  consequently  the  demand  is  light.  There  are,  how- 
ever, some  good  quarries,  which  are  worked  for  flagging,  chiefly 
along  the  New  York,  Ontario  and  Western  railroad  and  the  Ulster 
and  Delaware  railroad  lines  in  Ulster  and  Delaware  counties;  and 
in  the  Catakills,  in  Greene  countyj  there  are  quarries  in  Lexington, 
Jewett,  Windham,  Hunter  and  Prattsville. 
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Triassic  forniation 

This  formation,  which  ie  known,  locally,  as  the  red  sandstone, 
is  limited  in  New  York  to  a  triangular  area  in  Rockland  county, 
between  Stony  Point  on  the  Hudson  and  the  New  Jersey  line, 
and  to  a  small  outcrop  near  the  nortti  shore  of  Staten  Island, 
which  is  the  sooitliern  end  of  the  same  belt. 

The  sandstones  are  both  sbaly  and  silicious,  and  the  varieties 
grade  into  one  another.  Ckmglomerates  of  variegated  shades  of 
color  also  occur,  interbedded  with  the  shales  and  sandstones. 
Formerly  these  conglomerates  were  in  favor  for  the  constructiou 
of  furnace  hearths.  They  are  not  now  quarried.  The  prevailing 
color  of  the  sandstone  is  dark-red  to  bro<wn>,  whence  the  name 
'  brownstone.'  In  texture  there  is  a  wide  variation,  from  fine 
conglomerates,  In  which  the  rounded  grains  are  somewhat  loosely 
aggregated,  to  the  fine,  sbaly  rock  and  the  '  liver  roclc '  of  the 
quarrymen.  Oxide  of  iron  and  some  carbonate  of  lime  are  the 
cementing  materials  In  these  sandstones. 

The  well-known  Massachusetts  Longmeadow  sandstone  and  tho 
Connecticut  brownstone  are  obtained  from  quarries  in  the  Con- 
necticut valley  region,  and  of  the  same  geological  horizon.  The 
Littlefalla,  Belleville  and  Newark  freestones  are  from  the  same 
formation  in  its  southwest  extension  into  New  Jersey. 

Quarries  were  opened  in  this  sandstone  more  than  a  century 
ago,  and  many  of  the  old  houses  of  Rockland  county  are  built  of 
it.  Prof.  Mather  reported  31  quarries  on  the  bank  of  the 
Hudson  near  Nyack.  The  principal  market  was  New  York  city, 
and  the  stone  was  sold  for  flagging,  house  trimmings  and  com- 
mon walls.  The  Nyack  quarries  have  been  abandoned,  with  one 
or  two  exceptions,  as  the  ground  has  become  valuable  for  villa 
sites  and  town  lots.  There  are  small  quarriee  at  Suflern,  near 
Congers  Station,  near  New  City  and  at  the  foot  of  the  Torn 
mountain  west  of  Haverstraw.  They  are  worked  irregularly  and 
.  for  local  supplies  of  stone.  The  stone  is  sometimes  known  &b 
'  Nyaek  stone,'  also  as  '  Haverstraw  stone.' 
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BLATE 

Argjllite,  claj-slate,  or  roofing  Blate,  n-hicb  is  marked  by  the 
presence  of  cleavage  planes,  and  can  be  split  into  thin  plates  of 
uniform  thickness,  is  a  characteristic  rock  in  the  Hudson  river 
group  and  the  Lower  Cambrian  or  Georgian  group. 

Slate  suitable  for  roofing  has  been  found  in  manj  localities, 
and  quarries  have  been  opened  in  Orange,  Dutchess,  Columbia, 
Rensselaer  and  Washington  counties.  The  openings  in  Orange 
county  have  not  resulted  in  productive  quarries.  In  Columbia 
county  quarries  were  worked  many  years  ago,  east  of  New 
Lebanon.  The  Hoosick  quarries,  in  Rensselaer  county,  were  once 
more  extensively  worked,  and  produced  a  good,  black  slate.  Out- 
crops of  red  slate  are  noted  east  of  the  Hudson,  from  Fishkill 
and  Matteawan  northward,  but  no  attempts  have  been  made  to 
open  quarries  in  them. 

The  productive  slate  quarries  of  the  state  are  in  a  narrow  belt, 
which  runs  a  north-northeast  course  through  the  towns  of  Salem, 
Hebron,  Granville,  Hampton  and  Whitehall  in  Washington 
county. 

This  slate  belt  is  divided  by  the  quarrymen  into  four  parallel 
ranges  or  '  veins,'  which  are:  East  Whitehall  red  slates;  the 
Mettowee,  or  North  Bend  red  slate;  the  purple,  green  and  varie- 
gated slates  of  Middle  Granville;  and  the  Granville  red  slates. 
The  latter  are  close  to  the  Vermont  line.  Further  to  the  east, 
but  over  the  state  line,  in  ^'e^mont,  is  the  range  of  the  sea-green 
slates.  I 

The  quarry  localities  are  at  Shuahan,  Salem,  and  Black  Creek 
valley,  in  the  town  of  Salem,  Slatoville,  in  Hebron,  Granville,  the 
Penrhyn  Slate  Company's  quarries,  Middle  Granville,  Mettowee 
or  North  Bend  quarri^,  and  the  Hatch  Hill  quarries  in  Eaat 
Whitehall. 

LIMESTONE  AND  MARBLE 
Limestones  consist  essentially  of  calcium  carbonate.    They  are, 
however,  often  quite  impure;  and  the  more  common  accessory 
constituents  are  silica,  clay,  oxides  of  iron,  magnesia,  and  bitnmi- 
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nous  matter.  Theee  foreign  materials  may  enter  into  their  com- 
position to  auch  an  extent  as  to  give  character  to  the  mass,  and 
hence  they  are  said  to  be  sillcious,  argiliaceous,  ferruginous, 
magnesian,  dolomitic,  and  bituminous. 

The  chemical  composition  is  subject  to  great  variatiMi,  and 
there  is  an  almost  endless  series  of  gradation  between  these 
various  kinds.  Thus,  the  magnesium  carbonate  may  vary  in 
quantity  from  a  trace,  to  the  full  percentage  of  a  typical  dolomite. 
Or,  the  silica  may  range  from  a  fractional  percentage  to  the  ex- 
treme limit  where  the  stone  becomes  a  calcareous  sandstone. 
Crystallized  minerals,  as  mica,  qaartz,  talc,  serpentine  and 
others,  also  occur,  particularly  in  the  more  crystalline  limestone. 

In  color  there  is  a  wide  variation — from  the  white  of  the  more 
nearly  pure  carbonate  of  lime  through  gray,  blue,  yellow,  red, 
brown,  and  to  black.  The  color  is  dependent  upon  the  impuri- 
ties. 

The  texture  also  varies  greatly.  All  limestones  exhibit  a  crys- 
talline structure  under  the  microscope,  but  to  the  unaided  eye 
there  are  crystalline  and  m^jsive  varieties.  There  are  coarse 
crystalline,  fine  crystalline,  and  sub-crystalline  varieties,  accord- 
ing as  the  crystals  are  larger,  smaller,  or  recognized  by  the  aid 
of  a  magnifying  glass  only.  The  terms  coarse-grained  and  fine- 
grained may  apply  when  there  is  a  resemblance  to  sandstone  in 
the  granular  state  of  aggregation.  Other  terms,  as  sacchartiidal 
(like  sugar),  oolitic,  when  the  maas  resembles  the  roe  of  a  flsh; 
crinoidal,  made  up  of  the  stems  of  fossil  crinoids,  also  are  in  use, 
and  are  descriptive  of  texture.  The  state  of  aggregation  of  the 
constituent  particles  varies  greatly,  and  the  stone  is  hard  and 
compact,  almost  like  chert,  or  is  loosely  held  together  and  crum- 
bles on  slight  pressure,  or  again  it  is  dull  and  earthy  as  in  chalk. 

The  crystalline,  granular  limestones,  which  are  susceptible  of 
a  fine  polish,  and  which  are  adapted  to  decorative  work,  are 
classed  as  marbles.  Inasmuch  as  the  distinction  is  in  part  based 
upon  the  use,  it  is  not  sharply  defined  and  scientific.  Generally 
the  term  ia  restricted  to  those  limestones  in  which  the  sediments 
have  been  altered  and  so  metamorphosed  as  to  have  a  more  or 
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lesa  crystalline  texture.  There  is  however  some  contasion  In  the 
use  of  the  terms,  and  the  same  stone  is  occasionally  known  as 
marble  and  limestone,  e.  g.,  the  Lockport  limestone  or  marble; 
the  limestone  and  coral  shell  marble  of  Becraft's  mountain,  near 
Hudson;  the  Lepanto  marble  or  limestone  near  Plattsburg,  and 
othera.  , 

The  fossiliferous  limestones  are  made  up  of  the  remains  of 
organisms  which  have  grown  in  sitn,  aa  for  example,  the  coralline 
beds  in  the  Helderberg  and  Niagara  limestones,  or  have  been 
deposited  as  marine  sediments.  In  the  case  of  the  latter  the 
fossils  are  more  or  leas  comminuted  and  held  in  a  calcareous 
matrix.  Generally  the  fossil  portions  of  the  mass  are  crystalline. 
The  Onondaga  gray  limestone  from  near  Syracuse,  and  the  Ijock- 
port  encriual  limestone  are  good  examples. 

The  fossil  remains  are  less  prominent  and  scarcely  visible  in  - 
some  of  the  common  blue  limestones,  as  in  the  lower  beds  of 
CalciferouB  and  in  some  of  the  Helderberg  series.  These  rocks 
are  compact,  homogeneous  and  apparently  uncrystalline  and  un- 
fossiliferous.  They  are  usually  more  silicions  or  argillaceous,  that 
is,  they  contain  quartz  or  clay,  the  latter  often  in  seams  rudely 
parallel  with  the  bedding  planes.  On  weathering,  the  difference 
in  composition  is  often  markedly  apparent  at  a  glance.  Similar 
differences  in  composition  are  seen  in  the  more  crystalliue  mar- 
bletf,  and  are  evident  either  by  variation  in  color,  or  in  the  pres- 
ence of  foreign  minerals,  as  mica,  qaartz,  hornblende,  pyrite,  etc. 

The  variations  in  the  strength  and  durability  is  as  great  as  in 
the  composition  and  texture.  Borne  are  stronger  than  many 
granites  in  their  resistance  to  crushing  force,  and  equally  endur- 
ing; others  consist  of  loosely  cohering  grains,  and  are  friable  and 
rapidly  dissolved  by  atmospheric  agencies.  The  more  silicions 
and  compact  limestones  are  generally  the  more  durable  and 
stronger;  in  the  marble  the  well-crystallized  and  more  homogene- 
ous texture  consists  with  endurance  and  strength.  Both  the  mag- 
nesian  and  dolomitlc  varieties  are  good  atone  as  is  proven  by  the 
Calciferous  and  the  Niagara  limeetones,  and  in  the  marbles  of 
Tnckahoe  and  Pleasantville,  in  Westchester  county. 
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Cryatalline  limestones  occur  in  New  York  and  Weetchester 
counties,  and  in  tbe  Highlands  of  the  Hudson.  In  the  Adiron- 
dack region  there  are  numeroas  localities.  Tbe  rock  in  many  of 
them  is  too  impure  and  has  too  many  foreign  minerals  to  admit  of 
its  use  as  marble.  Quarries  have  been  opened  in  Westchester. 
FutnaiQ  and  Dutchess  counties,  which  have  yielded  a  large 
amount  of  fine  white  marble.  In  the  northern  part  of  the  state, 
the  Port.  Henry  and  the  Gouverneur  quarries  have  been  produc- 
tive. The  geological  horizon  of  some  of  these  marbles  is  in  doubt. 
The  belt  in  the  eastern  part  of  Dntchess  and  Putnam  coanties 
belongs  to  the  Vermont  marble  range,  and  is  probably  metamor- 
phosed Trenton  limestone.  The  Westchester  marbles  are  of  the 
same  age. 

The  limestones  which  furnish  building  stone  in  this  state  are 
the  CalciferouB,  Chazy,  Birdseye,  Black  river,  Trenton,  Niagara, 
Lower  Helderberg,  Upper  Helderberg,  or  CorniferouB,  and  Tully. 
The  geographical  distribution  is  given  in  the  following  notes,  and 
in  the  order  of  geol<^ical  succession,  from  the  lowest  to  the 
highest. 

Calciferous  sandrock 

The  rocks  of  tbe  Calciferous  formation  in  the  Mohawk  valley 
and  in  the  Champlain  valley  are  more  silicious  than  at  the  south- 
west, in  Orange  county  and  in  the  Hudson  valley,  and  hence  tbe 
designation  a^  a  sandrock.  Much  of  it  at  tho  north  is  a  limestone 
rather  than  a  sandstone,  and  may  be  termed  a  magnesian  or  silicio- 
magnesian  limestone.  Nearly  all  of  the  limestones,  which  are 
quarried  for  building  stone,  in  Orange  and  Dutchess  counties  are 
from  this  formation.  The  stone  occurs  generally  in  thick  and 
regular  beds.  It  is  hard,  strong  and  durable  and  is  adapted  for 
heavy  masonry  as  well  as  for  fine  cut  work.  The  quarries  near 
Warwick,  Mapee'  Corners  and  near  Newburgh  in  Orange  county 
and  those  on  the  Hudson  river,  near  New  Hamburg,  are  in  the 
Calciferous.  The  Sandy  Hill  quarry  and  those  at  Canajobarie 
and  Littlefalls  are  also  in  it. 
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Trenton  limestoae 

Under  this  head  the  Chazy,  Birdseye,  Black  river  and  Trenton 
limestones  are  included. 

The  Chazy  limestone  crops  out  in  Essex  and  Clinton  counties 
and  in  the  Champlain  valley — ^its  typical  localities.  The  beds 
are  thick  and  generally  uneven.  Regular  systems  of  joints  help 
tile  quarrymien  in  getting  out  large  blocks.  Quarries  at  Wills- 
boro  Point  and  near  Plattsburg  are  in  the  horizon  of  the  Chazy. 
The  st<me  is  suitable  fw  bridge  i^-ork  and  for  heavy  masonry. 

The  members  of  the  Trenton  above  the  Chazy  limestone  are 
recognized  in  may  outcpops  in  the  southeastern  part  of  the 
fltate;  in  the  Hudson-Chaniplain  valley;  in  the  Mohawk  valley; 
in  the  valley  oi  the  Black  ri\"er  and  northwest,  bordeinng  Lake 
Ontario;  and  in  a  boaxler  zone  on  the  north  of  the  Adirondacks, 
in  the  St  TyawTence  valley.  In  a  formation  so  widely-extended 
there  is,  as  might  be  expected,  some  variation  in  bedding,  texture 
aod  color.  Much  of  the  Trenton  limestone  formation  proper  ia 
thin-bedded  and  shaly  and  unfit  for  building  stone.  In  the  Birds- 
eye  also  the  stone  of  many  localities  is  disfigured  on  weathering, 
by  its  ijeculiar  fossils.  Generally  the  stone  is  sub-crystalline, 
bard  aud  compact  and  of  a  high  specific  gravity  and  dark-blue 
to  gray  in  color.  But  the  variation  is  wide,  as  for  example,  be- 
tween the  black  marble  of  Glens  Falls  and  the  gray,  crystalline 
rock  of  the  Prospect  quarries  near  Trenton  Falls.  The  variation 
is  often  great  within  the  range  of  a  comparatively  few  feet  ver- 
tically; and  the  same  quarry  may  yield  two  or  more  varieties  of 
building  stone.  In  several  quarries  the  Birdseye  and  Trenton 
are  both  represented.  Many  quarries  have  been  opened  in  th? 
fo-rmation  and  there  are  many  more  localities  where  stone  has 
been  taken  from  outcropping  ledges,  which  ai'e  not  developed 
into  quarries  proper.  Tlie  more  important  localities  which  are 
worked  steadily  are:  Glens  Falls,  Amsterdam,  Tribes  Hill,  Cana- 
joharie.  Palatine  Bridge  and  Prospect  in  the  valley  of  the  Mo- 
hawk; and  Lowville,  Watertown,  Three  Mile  Bay,  Chaumant 
and  Ogdensburg  in  the  Black  river  and  St  LawTence  valleys. 
The  railroad  and  canal  lines,  which  traverse  the  territory  occo- 
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pied  b;  these  'formatioais,  afford  tranepoirta.ti'OiD  faciUtiee  and 
ofFcr  iDducements  to  those  who  are  seeking  new  quarr;  sites 
where  theee  limiestones  may  be  found  in  workable  extent. 

Niagara  llmestoDe 
The  Niagara  limeston>e  formation  is  well  devel(q>ed  west  from 
Rochester  to  the  Niagara  river;  and  there  are  large  quarries  in 
it  at  Rochester,  at  Lockport  and  at  Niagara  Palls.  The  gray, 
»nb-crystalline  stone  in  thick  beds  is  quarried  fiar  building  pur- 
poses. It  is  filled  with  encrinal  and  coralline  fossils  and  the  un- 
equal weathering  of  the  matrix  and  the  fossiliferous  portions  are 
sometimes  such  as  to  give  the  dressed  surface  a  pitted  appearance 
with  cavities  which  roughen  and  disflgiire  it.  For  foundatiosie 
and  heavy  masonry  it  is  well  adapted.  It  has  been  extensively 
employed  in  the  western  part  d  the  state. 

Lower  Helderberg  limestones 

The  Water-lime,  Tentaculite  and  Pentamerus  limestones  are 
included  in  this  group.  The  outcrops  are  in  the  Rondout  valley, 
southwest  from  Kingston  to  the  Delaware  river;  in  the  foot- 
hills east  of  the  Oatskills — ^in  Ulster  and  Greene  counties;  on 
Becraft'e  mountain,  near  Hudson;  and  in  a  belt  stretching  west 
from  the  Hudson  valley,  along  the  Helderbergs  and  across  Scho- 
harie into  Herkimer  county. 

The  Tentaculite  limestone  is  dark-oolored,  compact  and  in  thick 
beds  and  can  be  quarried  iu  large  blocks.  Some  of  it  can  be 
polished  and  mokes  a  beautiful  black  marble,  as  for  example,  that 
of  Schoharie. 

The  Pentamerus  limestones,  both  the  lower  and  the  upper,  are 
in  thick  beds  and  are  gray,  sub-crystalline  in  texture,  and  look 
well  when  dressed.  They  are  adapted  to  heavy  masonry  as  well 
as  for  cut  w<»k. 

Quarries  are  opened  in  this  group  of  limestones  in  the  Scho- 
harie valley,  at  Howe's  Cave,  Oobleskill,  Cherry  Valley  and  in 
Springfield.  The  quarries  west  <xf  Oatskill  aud  in  Becraft's 
mountain,  near  Hndson,  are  also  in  it. 
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Upper  Helderberg  limestones 

The  Upper  Helderberg  formation  appears  in  the  Hudson  valley 
at  Kingston;  thence  it  runfl  in  a  helt  west  of  the  river,  to  the 
Helderberg  mountatnfl,  bending  to  the  west-northwest,  and  thence 
west  it  continues  acroes  the  state  to  the  Niagara  river  and  Lake 
Erie.  The  Bubdiviaions  are  known  as  the  Onondaga,  the  Oor- 
Diferoue  and  the  Seneca  limestones.  The  first  is  more  general!; 
recognized  as  the  '  Onondaga  gray  limestone '  and  the  last  as  the 
Beneca  bine  limestone. 

There  is  much  diversity  in  the  limestones  of  this  group  in  its 
long  range  of  ontcrop.  The  Onondaga  gray  stone  is  gray  in 
color,  coarse  crystalline;  and  makes  beautiful  ashlar  work,  either 
as  rock  faee  or  as  fine  tooled,  decorative  piecea. 

The  OorniferauB  limestone  is  hard  and  durable,  but  it  is  so  full 
of  chert  that  it  can  only  be  used  for  common  wall  work. 

The  Seneca  blue  limestoDe  is  easily  dressed  and  is  a  fairly  good 
building  stone. 

Limestone  of  the  Upper  Heldwberg  epoch  is  quarried  exten- 
sively at  Kingston,  Ulster  county,  and  is  a  valuable  building 
stone.  In  Onondaga  county  there  are  the  well-known  Splitrock 
and  Beservation  groups  of  quarries,  which  have  produced  an  im- 
mense quantity  of  excellent  and  beautiful  etone  and  which  has 
found  a  market  in  all  of  the  central  part  of  the  state.  They  are 
in  the  lower  member  of  the  group.  Going  west,  there  are  the 
large  quarries  in  the  iSeneca  limestone  at  Union  ^rings, 
Waterloo,  Senec5a  Palls  and  Auburn.  The  LeKoy,  Williamsville, 
Buffalo  and  Black  Rock  qnarries  are  in  the  ComiferoBS  lime- 
stone. 

The  aggregate  output  of  the  quarries  in  the  Upper  Heldertjerg 
limestones  exceeds  in  value  that  of  any  other  limestone  formation 
in  the  state.  The  many  quarries  of  the  Trenton  probably  pro- 
duce more  stone. 

Tully  limestone 

The  Tully  limestone  lying  above  the  Hamilton  shales,  is  a  thin 

formation  which  is  seen  in  Onondaga  county  and  to  the  west — 
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disappeariDg  in  Ontario  county.  It  does  not  faraish  any  stone 
other  than  for  rougb  vfurk  and  in  the  immediate  neighborhood  of 
its  ontcrope. 

Calcareous  tufa 

As  a  aopplement  to  the  limestones  the  qaarries  in  calcareous 
tnfa  at  Mohawk,  in  the  Mohawk  valley,  and  at  Mnmford,  Monroe 
county,  should  here  be  mentioned,  although  they  are  only  of  local 
importance. 

GLACIAL  DRIFT 

This  material,  consisting  of  unsorted  clays,  sands,  gravels, 
cobbles  and  boulders,  is  found  in  all  parts  of  the  state.  The 
nature  of  the  imbedded  stone  varies  greatly  both  as  to  variety  and 
amount.  In  places  the  deposits  are  full  of  large  blocks  of  stone 
and  of  more  or  less  rounded  and  scratched  boulders;  in  other 
localities  the  hard,  qnartzose  cobbles  and  small  boulders  predomi- 
nate. In  the  sandstone  districts  of  the  southern  and  western 
parts  of  the  state  the  surface  deposits  of  glacial  drift  contain 
much  sandstone,  as  in  the  Medina  sandstone  belt,  the  Hudson 
river  blue  stone  territory  and  the  red  sandstones  at  Haverstraw 
and  Myack.  In  the  Highlands  and  in  the  Adirondacks  the 
rounded,  crystalline,  granitoid  and  gneissic  rocks  predominate. 
On  Long  Island  the  terminal  moraine  includes  a  great  amount  of 
stone,  and  of  many  kinds. 

The  cobblestones  were  formerly  used  for  paving  roadways,  bot 
this  kind  of  pavement  is  no  longer  laid.  From  the  fact  of  the 
stone  being  picked  off  the  fields  in  the  clearing  of  land  for  tillage, 
the  stone  fragments  from  the  drift  have  been  known  as  '  field- 
stone;  '  and  they  were  nsed  in  the  earlier  constructions  for  walls, 
foundations  and  buildings,  in  localities  where  no  quarries  had 
been  opened. 

Some  of  the  oldest  houses  on  the  western  end  of  Long  Island, 
and  in  the  Hudson  river  counties  are  built  of  such  field  stone. 
At  Yonkers  the  excavations  for  foundations  and  in  street  grading 
afford  an  abundant  supply  of  stone  for  common  wall  work.  In 
parts  of  Brooklyn  the  drift  furnishes  a  great  deal  of  stone  in  the 
shape  of  huge  boulders. 
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The  stone  of  the  drift  is  generally  hard  and  durable,  having 
resisted  the  wear  of  rough  transportation.  The  economic  use  of 
the  surface  stones  of  the  drift  In  constructive  work,  where  they 
can  be  laid  up  in  walls,  is  a  desirable  utili>.ation  of  what  is  still 
in  many  parts  of  the  state  worse  than  waste — a  nuisance  in  the 
tilling  of  the  soil.  This  formation  can  not,  however,  be  con- 
sidered as  one  of  the  important  soarces  of  stone  in  the  quarry 
industry,  although  capable  of  yielding  a  great  deal  of  rougb 
stone.  It  will  no  doubt  do  so  in  tbe  future  clearing  and  improve- 
ment of  the  country. 

Road  Metal 

In  New  York  the  best  materials  for  road  metal  are  trap,  granite 
and  magnesian  limestone. 

Trap  is  a  general  term  for  some  of  the  basic  eruptive  rocks,  the 
word  being  related  to  or  derived  from  the  German  Treppen  which 
signifies  a  flight  of  steps  and  is  suggested  by  the  somewhat  regu- 
lar manner  in  which  the  roek  is  jointed. 

The  trap  which  is  used  in  New  York  for  a  road  metal  is  a  dia- 
base and  consists  chiefly  of  the  minerals  augite  and  labradorite, 
the  former  being  a  silicate  of  iron  and  magnesia  and  the  latter 
being  a  lime-soda  feldspar.  Otber  minerals  are  present  in  small 
quantity  but  do  not  influence  the  properties  which  make  the  rock 
valnable  as  a  road  metal. 

While  sufficiently  hard  to  resist  the  wear  of  heavy  trafBc  to  a 
satisfactory  extent,  it  possesses  a  high  degree  of  binding  or 
cementation  power.  This  means  that  the  dust  produced  by  wear 
when  moistened  unites  quite  firmly  and  forms  a  cement  which 
binds  the  larger  fragments  to  a  considerable  extent. 

This  property  is  most  noticeable  in  rocks  containing  much  lime, 
magnesia  and  alumina. 

Good  trap  is  found  only  in  Richmond  and  Rockland  counties, 
and  in  the  intermediate  area  of  New  Jersey  bordering  the  Hudson 
river.    Its  outcrop  is  known  as  the  '  Palisades,' 

Granite  consists  chiefly  of  quartz  mixed  with  one  or  more  of  the 
feldspars  and  hornblende  or  a  mica.    Hornblende  has  essentially 
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the  same  compoeition  as  augite  which  occurs  in  trap;  and  a  born- 
hlende  grantte  should  be  a  very  good  road  metal.  Where  horn- 
blende is  absent  one  would  expect  to  find  less  binding  power. 

Granite  is  harder  than  trap  and  therefore  should  resist  wear 
better,  but  this  quality  is  offset  by  its  usually  smaller  binding 
power  so  that  trap  should  be  preferred  as  a  rule. 

Granite  is  found  in  the  Adirondack  region  and  in  the  Highlands 
of  the  Hudson,  also  in  Westchester  county.  The  commercial  term 
granite  includes  various  kinds  of  gneiss. 

Magneslan  limestone  has  great  binding  power  but  is  quite  soft 
and  therefore  not  very  durable  for  heavy  traffic.  Chemically,  this 
rock  is  a  carbonate  of  lime,  containing  also  magnesia,  alumina 
and  silica.  It  has  been  suggested  that  it  might  be  used  profitably 
as  a  binder  with  stone  of  less  binding  power. 

Sandstone  has  usually  no  lime,  magnesia  or  alumina  and  there- 
fore has  no  binding  properties  and  never  makes  a  first  rate  road, 
as  the  fragments  continually  break  loose. 

Limestone  is  found  chiefly  in  areas  parallel  to  and  near  the 
main  line  of  the  N^ew  York  Central  railroad  and  in  a  zone  around 
the  Adirondacks. 

In  New  York  the  best  road  materials  occur  in  certain  limited 
areas,  and  at  points  distant  from  these  the  cost  of  transportation 
is  the  controlling  feature. 

For  high  class  road  building,  trap  and  granite  will  be  preferred 
and  used  in  all  places  where  their  cost  is  not  prohibitory.  Ex- 
perience shows,  however,  that  unless  these  materials  are  used 
under  the  direction  of  experienced  road  engineers,  they  are  less 
Hatisfactory  than  limestone,  and  when  It  is  projKiBed  to  mac- 
adamize a  road  by  simply  covering  it  with  broken  etone,  the 
latter  though  less  durable,  will  be  more  satisfactory. 

When  granite  and  trap  are  properly  laid,  on  a  well  prepared 
bed  and  rolled  with  a  heavy  steam  roller  to  the  proper  standard 
of  firmness,  nothing  can  be  better,  bat  where  no  steam  roller  is 
available  and  the  subgrade  is  not  properly  prepared,  the  trap  and 
granite  are  liable  to  afford  only  an  unpleasant  and  uneven  surface 
of  bard  angular  fragments  which  ceaselessly  roll  aboat  on  the 
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BQTface  of  the  road  injaring  the  horaes  and  making  pleasare 
driving  impossible. 

Limestone  from  its  softness  and  greater  binding  power  is  more 
easil;  rolled  into  an  even  snrface  under  the  wlieels  of  vehicles, 
and  while  not  having  the  darabilit;  to  sapport  heavy  traffic  for 
a  long  time,  can  be  cheaply  renewed  if  the  source  of  supply  is  not 
far  distant.  This  fact  has  been  recognized  for  a  long  time  at 
points  within  easy  reach  of  the  limestone  qnarries.  In  Onon- 
daga connty  at  many  points  a  portable  crasher  has  been  need 
to  crash  the  blocks  for  road  metal  from  the  limestone  fences 
which  are  cheerfully  donated  by  the  residents  for  the  improve- 
ment of  the  roads.  There  are  many  other  counties  in  which  this 
might  he  done  as  may  be  seen  from  the  geologic  map.  In  most 
of  these  areas  limestone  will  be  fonnd  in  the  fences  and  may  be 
crushed  for  road  metal  at  small  expense. 

Many  of  the  local  stone  qnarries,  which  are  scattered  over  the 
state,  sell  for  road  metal  the  rock  obtained  in  stripping  off  the 
upper  layers  from  their  quarries. 

A  few  large  quarries  are  operated  for  road  metal  alone  and 
deserve  special  mention. 

Many  tons  of  material  are  quarried  annually  from  the  Pali- 
sades range  near  Piermont.  The  material,  which  is  exceedingly 
tongh,  is  tither  dressed  for  paving  blocks  or  crushed  for  road 
metal. 

Farther  up  the  Hudson  river  the  limestone  qnarries  of  Tomkim 
Cove  have  been  in  operation  for  a  number  of  years  and  supply 
large  quantities  of  rock  for  macadam.  Other  quarries  are  at 
South  Bethlehem,  Albany  connty,  Howe's  Oave,  Schoharie  county 
and  there  are  several  near  Syracuse  and  Buffalo.  This  magncsian 
limestone  is  one  of  the  best  materials  nsed.  It  is  hard,  packs 
easily  and  makes  a  good  surface,  hut  the  cost  of  maintenance  is 
considerable. 

At  lona  Island  a.  granite  is  quarried  and  crushed  to  five  or  ^x 
difTerent  sizes  for  road  metal  and  concrete,  l^e  fine  residue  or 
dust  is  sold  for  polishing. 
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Tbe  Hudson  Biver  Stone  Snpply  Company  has  an  extensive 
plant  for  qnarryicg  and  croshing  granite,  at  Breakneck  Mt, 
north  of  Oold  Spring.  The  Bome  oompanj  operates  a  second 
plant  for  supplying  cm^ed  limestone  at  Stoneco,  north  of  Kew 
Hamburg. 

One  of  the  largest  qnarriee  in  the  state  is  that  of  P.  Callanan 
at  South  Betbldiem,  Albany  county.  The  Lower  Helderberg 
limestone  is  the  rock  used  and  it  makes  a  good  road. 

The  Cauda  galli  grit  of  Albany  county  is  used  in  small  quanti- 
ties locally  and  makes  an  excellent  road,  though  it  is  not  durable. 

At  Duanesburg,  near  Schenectady,  sandstone  of  the  Hudson 
river  group  la  crushed  for  road  metal. 

At  Port  Chester,  WeBtehestar  county,  a  coarse-grained  granite 
Is  quarried  and  is  considerably  uaed  locally,  bat  the  t)est  ma- 
cadam roads  of  that  difitrict  are  of  limestone  from  Tomkins  Cove. 

The  gray  gneisB  has  been  considerably  used  as  a  road  material 
in  Westchester  county. 

On  Staten  Island  the  yellow  gravel  is  much  nsed  for  road 
making;  also  the  diabase  or  trap  from  the  Graniteville  quarries, 
which  is  being  extensively  used  on  a  s^em  of  county  roads 
with  the  most  satisfactory  reeults. 

The  materials  used  for  making  roads  in  the  state  vary  with  the 
locality.  If  the  traffic  on  the  road  is  moderate  it  is  generally 
sajfe  to  use  the  local  material,  whatever  its  nature,  unless  it  be 
sbale,  but  if  there  is  a  heavy  traffic  it  will  pay  in  most  instances 
to  get  a  stone  of  superior  quality  from  elsewhere. 

The  requisite  qualities  oif  a  road  metal  are  hardness  and  tough- 
ness. Where  both  these  qualities  are  not  obtainajble  in  the  same 
stone  the  latter  is  perhaps  preferable. 

SUicious  rocks,  though  often  hard,  do  not  consolidate  as  well 
nor  BO  quickly  as  limestone,  owing  to  the  sandy  detritus  formed 
by  the  former  having  no  cohesion.  The  detritus  of  magnesian 
limestone  acts  like  a  mortar. 

Granite  and  gneiss,  especially  if  very  micaceous,  are  apt  to  dis- 
integrate rapidly  and  produce  dust  and  mud. 
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Bhale  is  to  be  avoided,  as  it  breaks  up  rapidly,  forming  a  sticky 
mud. 

Gravel,  while  making  a  serviceable  road,  does  not  pack  welt, 
and  is  not  durable.  If  it  has  to  be  used,  some  of  the  difficulty 
may  be  overcome  by  cracking  the  pebbles  so  as  to  produce  an 
angular  form. 

Olat  and  Clay  Products' 

DepoHits  of  clay  occur  in  nearly  every  county  of  New  York. 
■Riey  belong  to  three  geological  periods,  namely: 

Quaternary,  Tertiary  and  Cretaceous. 

The  clays  of  the  first  age  are  by  far  the  most  common.  Those 
of  the  second  are  somewhat  indefinite  in  extent,  but  they  prob- 
ably include  a  large  number  of  the  Long  Island  deposits.  Of 
the  third  class  there  are  undoubted'  representatives  on  Long  Is- 
land and  Staten  Island. 

The  days  of  the  mainland  are  all  Quaternary  so  far  aa  known. 
The  problems  of  Quaternary  geology  in  New  York  are  by  no 
means  solved,  and  it  is  not  always  possible  to  decide  on  the 
causes  leading  to  the  deposition  of  any  particular  body  of  clay 
by  a  single  visit  to  the  locality. 

A  great  majority  of  the  deposits  are  local,  lying  in  the  bottoms 
of  valleys  which  are  often  broad  and  fertile.  They  vary  in 
depth  from  four  to  20  or  even  50  feet;  as  a  rule  they  are  under- 
laid by  modified  drift  or  by  bed  rock.  The  clay  is  generally  of 
a  blue  color,  the  upper  few  feet  being  weathered  mostly  to  red 
or  yellow.  Stratification  is  rarely  present,  but  streaks  of  marl 
are  common.  In  some  of  the  beds  small  pebbles,  usually  of  lime- 
stone, are  found,  and  these  have  to  be  sepai'uted  by  special  ma- 
chinery in  the  process  of  manufacture.  In  many  instances  the 
clay  is  covered  by  a  foot  or  more  of  peat. 

These  basin  deposits  are  no  doubt  the  sites  of  former  ponds 
or  lakes,  formed  in  many  instances  by  the  damming  up  of  val- 
leys, which  have  been  filled  later  with  the  sediment  of  the 
streams  from  the  retreating  ice  sheet.    The  valleys  in  which 
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these  deposits  lie  are  usually  broad  and  sballow.  The  broad  flat 
valley  in  which  the  Genesee  river  flows  from  Mt  Morris  to  Ro- 
chester is  a  good  example.  The  waters  of  the  riv«r  were  backed 
up  by  the  ice  for  a  time,  during  which  the  valley  was  converted 
into  a  shallow  lake  iiL  which  a  large  amount  of  aluminous  mad 
was  deposited.  This  maiterial  has  been  employed  for  common 
twiok. 

'Aroand  BatFalo  is  an  extensive  series  of  flats  anderlaid  by  a 
red  clay.  A  thin  layer  of  sand  suitable  for  tempering  overlies 
th«  clay  in  spots,  and  limestone  pebbles  are  scattered  through  it. 
Similar  deports  occur  at  several  localities  to  the  north  of  the 
Ridge  road  and  aroand  Niagara  Falls,  also  at  Tonawanda  and 
La  Salle,  to  the  north  of  Buffalo,  as  well  as  south  of  it  along  the 
shore  of  1/ake  Erie.  Ko  doubt  much  of  itbis  clay  was  deposited 
during  the  former  extension  of  the  Great  Lakes. 

Prof.  James  Hall  mentions  depoaits  of  clay  at  the  following 
localities:  at  Linden,  one  mile  south  of  Yatee  Center;  "along  the 
shore  of  Lake  Ontario,  east  of  Lewistoo;  on  Cashaqua  creek 
Meposils  of  tenacious  clay  due  to  the  crumbling  of  the  argill- 
aceous green  shales;  in  Niagara  county  ■^beds  of  «lay  are  said  to 
occur  in  every  town,  but  tihey  often  contain  a  considerable 
amount  of  lime. 

At  Levant,  four  miles  east  of  Jamestown,  Chautauqua  county, 
is  an  interesting  bed  of  blue  clay  having  an  area  of  several 
acres.    It  is  probably  of  post-glacial  age. 

At  Breesport,  neoir  Elmira,  is  a  bank  of  blue  clay  rising  from 
the  valley  to  a  height  of  50  feet.  It  was  evidently  formed  when 
the  valley  was  dammed  up,  and  has  subsequeu'tly  been  much 
eroded  so  that  all  that  now  remains  is  a  narrow  terrace  along  the 
«de  of  (he  valley.  A  nmiiar  deposit  is  found  at  Newfleld,  south 
of  Ithaca  A  moraine  crosses  the  valley  a  mile  or  two  south  ot 
it. 
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In  tbe  <aoutheni  portion  of  the  state  we  find  clayB  in  abondance, 
in  all  the  yalleys,  and  loivlanda.  The  extensive  maraheB  near 
Randolph  and  Conewango  are  said  to  be  underlaid  by  clay 
throughout  their  entire  extent. 

A  bed  of  blue  and  red  clay  ia  being  worked  at  Brighton  near 
Rochester.    This  deposit  lies  near  the  head  of  Irondequoit  bay. 

Clays  are  also  found  at  several  poin'ts  in  the  valley  of  the 
Oswego  river  from  Syracuse  to  Oswego,  an  important  one  being 
at  Three  Rivers. 

Deposits  of  clay  suitable  for  brick  and  tile  occur  ertensively 
in  the  lowlands  bordering  the  Mohawk  river  from  Rome  to  Sche- 
nectady. The  beds  vary  in  thickness  from  six  to  15  feet  and  are 
mostly  of  a  red,  blue  or  gray  color. 

An  extensive  bed  of  red  and  gray  clay,  20  acres  in  extent  and 
horiKontally  stratified,  occurs  at  Watertown.  The  deposit  is  20 
feet  thick  and  rests  on  Trenton  limestone. 

Another  deposit  of  considerable  size  is  being  worked  at  Og- 
densburg.    The  clay  is  blue  and  has  a  depth  of  60  feet. 

HUDSON  VALLEY 
Among  the  most  extensive  and  important  clay  formations 
occurring  in  New  York  are  those  of  the  Hudson  valley.  These 
deposits  indicate  a  period  of  depression,  and  deposition  in  quiet 
water.  The  clay  is  chiefly  blue,  but  where  the  overlying  sand  i? 
wanting  or  is  of  slight  thickness,  it  is  weathered  to  yellow,  this 
weathering  often  extending  to  a  depth  of  15  feet  below  the  sur- 
face, and  to  a  still  greater  depth  along  the  line  of  fissures.  The 
depth  of  oxidation  Is  of  course  influenced  by  the  nature  of  the 
clay;  the  upper  portion  weathering  easily  on  account  of  its  more 
sandy  nature  and  hence  looser  texture.  Horizontal  stratification 
is  usually  present,  and  the  layers  of  clay  are  separated  by  ex- 
tremely thin  lamlntB  of  sand.  At  some  localities  the  layers  of  the 
clay  are  very  thin  and  alternate  with  equally  thin  layers  of  sandy 
clay.  This  condition  is  found  at  Haverstraw,  Croton,  Dutchess 
Junction,  Stony  Point,  Fishkill,  Cornwall,  New  Windsor,  Catskill 
and  Port  Ewen.    A;t  all  of  the  above-mentioned  localities  except 
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the  last  two,  the  clay  is  overlaid  by  the  delta  deposits  ot  rirers 
tributary  to  the  Hudson,  and  the  alteroatioD  of  layers  may  be  dae 
to  variations  in  the  flow  of  the  rivers  emptying  at  those  points, 
the  sandy  layers  being  deposited  dnrisg  periods  of  floods.  Iso- 
lated ice-scratched  bowlders  are  not  uncommonly  found  in  the 
clay. 

There  is  often  a  sharp  line  of  division  between  the  yellow 
weathered  portion  and  the  blue  or  unweathered  part  of  the  clay. 
The  line  of  separation  between  the  clay  and  overlying  sand  is 
also  quite  distinct  in  most  cases.  Of  the  blue  and  the  yellow  clay 
the  former  is  the  more  plastic,  but  both  effervesce  readily  with 
acid,  due  to  the  presence  of  3  to  6^  of  carbonate  of  lime,  and 
are,  therefore,  properly  speaking,  marly  clays.  The  clay  is 
underlaid  by  a  bed  of  gravel,  sand,  hardpan,  bowlder,  till  or 
bed  rock.  From  Albany  to  Catshill  the  underlying  material 
is  a  dark  gray  or  black  sand  with  pebbles  of  sbale  and  quartz. 
The  sand  grains  are  chiefly  of  pulverized  shale,  the  rest  being 
fiillcious  and  calcareous  with  a  few  grains  of  feldspar  and  garnet. 
This  sand  can  often  be  used  for  tempering,  but  at  Catskill  c<hi- 
tains  too  much  lime  for  this  purpose. 

From  Catskill  northward  the  clay  is  in  most  cases  covered  by 
but  a  foot  or  two  of  loam.  Boutb  of  Catskill  the  character  of 
the  overlying  material  varies. 

THE  CLAYS  OP  THE  CHAMPLAIN  VALLEY 
The  clays  of  the  Champlain  valley  are  estuary  formations  and 
of  the  same  age  as  the  Hnd»on  river  clays.  They  underlie  ter- 
races along  the  lake  which  have  been  elevated  to  a  height  of  400 
feet  above  the  lake  surface.  These  terraces  may  be  traced  almost 
continuously  from  Whitehall,  at  the  bead  of  Lake  Champlain,  to 
the  northern  end  of  the  lake  and  beyond  it,  but  on  account  of  the 
extensive  erosion  which  has  taken  place,  they  are  usually  narrow, 
and  it  is  only  at  sheltered  points,  like  Fort  Kent  and  Beauport, 
that  they  are  especially  prominent.  The  section  involved  is  yel- 
lowish brown  sand,  yellowish  brown  clay  and  stiff  blue  clay,  the 
latter  being  rather  calcareous.    The  upper  clay  is  somewhat 
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erilicious,  and  its  coloring  is  doe  to  the  weathering  of  the  lower 
layer.  This  formation  has  a  thickness  of  about  15  feet,  but  Bome- 
times,  as  at  Burlington,  it  reaches  a  thickness  of  100  feet.  Iso- 
lated bowlders  are  occasionally  found  in  the  clays.  The  clays 
are  usually  horizontally  stratified,  and  contortions  of  the  layers 
are  extremely  rare.  Numerous  marine  Quaternary  fossils  have 
been  found  in  the  overlying  sands;  the  skeleton  of  a  whale  has 
also  been  found  in  them. 

Openings  have  been  made  in  these  deposits  for  the  purpose  4^ 
obtaining  brick  clays  at  Plattsburg  and  a  few  other  localities. 

LONG  ISLAND  CLAYS 

Clay  beds  are  exposed  along  the  north  shore  of  the  island  and 
at  several  points  along  the  main  line  of  the  Long  Island  railroad. 

There  is  still  some  doubt  as  to  the  exact  conditions  under  which 
the  beds  of  clay  and  gravel  which  form  the  greater  portion  of 
Long  Island  were  deposited,  but  it  is  probable  that  the  clays 
represent  shallow  water  marine  deposits  of  Cretaceous  and 
Tertiary  age. 

The  age  of  the  clays  is  still  largely  a  matter  of  speculation, 
and  will  probably  remain  so  in  many  cases  unless  palaeontologic 
evidence  is  forthcoming.  Those  on  Gardiner's  Island  are  quite 
recent,  as  shown  by  the  contained  fossils,  and  the  clay  on  Little 
Neck,  near  Northport,  is  Cretaceous.  The  age  of  the  Glen  Cove 
clay  is  probably  Cretaceous. 

Cretaceous  leaves  in  fragments  of  ferruginons  sandstone  have 
been  found  along  the  north  shore  of  Long  Island  from  Great 
Neck  to  Montauk  Point,"  but  they  are  usually  much  worn  and 
scratched  and  have  evidently  been  transported  from  some  dis- 
tant Bouree.  The  clays  at  Center  Island,  West  Neck,  Fresh  Pond 
and  Fisher  Island  are  very  similar  and  are  very  probably  of  the 
same  age,  possibly  Tertiary,  but  we  lack  palaeontologic  or  strati- 
graphic  evidence.  At  West  Neck  the  clay  underlies  the  yeUoa) 
gravel,  and  the  latter  is  covered  by  the  drift,  so  that  is  Pre- 
pleistocene. 
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STATEN  ISLAND  CLAYS 

The  clajs  of  Staten  Island  are  chiefly  Cretaceoue,  ae  proven  by 
the  fossils  found  in  them.  The  chief  outcrops  are  at  Kreischer- 
Tille,  Green  Bidge  and  Arrocbar.  Besides  the  clay  there  are 
several  '  kaolin  '  deposits. 

These  clays  are  used  in  the  manafacture  of  drain  tile,  terra 
cotta,  etc. 

CLAY  PRODUCTS 

The  increasing  value  of  clay  for  the  manufacture  of  brick,  tile, 
terra  cotta,  pottery,  et«.,  and  the  ever  growing  demand  for  these 
products  have  givem  rise  to  an  industry  which  is  rapidly  assuming 
vast  proportions,  and  will,  in  the  near  future,  become  one  of  the 
most  extensive  and  important  in  the  country.  Scattered  over 
New  York  are  extensive  depositft  of  clay,  many  of  them  capable 
of  being  used  for  the  manufacture  of  terra  cotta,  roofing  tile  and 
the  coarser  grades  of  pottery.  To  add  to  their  value  the  moat 
extensive  beds  of  clay  are  situated  in  close  proximity  to  the 
waterways  aud  railroads  which  lead  to  the  principal  cities  of  the 
state.  The  commoner  kinds  of  clay  prodacts,  such  as  building 
brick,  are  marketed  within  the  state,  but  the  higher  grades,  such 
as  terra  cotta  and  roofing  tile,  have  found  good  markets  outside 
of  New  York. 

At  present  bricks  are  the  chief  source  of  income.  That  the 
other  branches  of  the  clay  industry  are  not  further  advanced  is 
probably  due  in  a  large  measure  to  the  fact  that  the  clay  deposits 
of  the  state  have  been  bo  little  exploited  or  otherwise  examined. 
Though  many  of  the  deposits  have  been  opened  up  and  are  still 
being  worked,  there  are  numerous  others  scattered  over  the  state 
which  are  still  untouched.  Few  of  the  clays  are  found  to  be  of 
suBQciently  refractory  character  to  be  used  for  making  Are  brick, 
gas  retorts,  or  other  products  which  in  use  are  subjected  to  a 
higher  degree  of  heat;  but  for  the  manufacture  of  coarse  pottery, 
terra  cotta,  paving  brick,  etc.,  many  of  the  clays  are  eminently 
suited. 
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Shales  and  Shale  Products 
Witbin  the  last  fleven  or  eight  years  the  maoafacturers  in  New 
York  have  turned  their  attention  toward  the  extensiTe  beds  of 
argillaceous  shale  which  the  state  contains,  and  which  od  trial 
hare  given  Tery  satisfactory  results.  Several  large  firms  are 
using  them  for  the  manufacture  of  sewer  pipe,  terra  cotta,  paving 
briclc  and  roofing  tile.  The  shale  formations  at  present  used  are 
the  Balina,  Hamilton  and  Chemung,  The  Hudson  river  sbales 
are  do  doubt  sufQciently  argillaceous  over  many  areas  to  be 
used  for  the  manufacture  of  clay  products,  and  the  same  may  be 
said  of  the  Niagara  shale,  which  weathers  to  a  clay. 

Iron  Ores 

The  ircm  ores  of  New  York  have  been  carefully  studied  and 
deiscribed  by  Prof.  J.  C.  Bmock,  who  has  published  his  results  in 
Bulletin  No.  7"  of  the  New  York  State  Museum  and  by  Mr. 
Bayard  F.  Putnam,  who  contributed  an  article  on  this  subject  to 
the  volume  on  Mining  Industries  (No.  XV}  in  titie'report  of  the 
tenth  census.  These  two  important  papers,  taken' together  pve 
a  most  complete  review  of  the  sources  of  iron  in  New  York, 
Our  knowledge  of  the  Adirondack  ores  is  eupplemented  by  the 
work  of  Pi-of,  J.  P.  Kemp,  which  is  contained  in  Bulletin  No.  13 
of  the  New  York  State  Museum,  entitled  the  Geology  of  Moriab 
and  Westport  townships.  The  localities  of  all  the  principal  mines 
are  shown  on  the  economic  map. 

Iron  in  its  native  or  metallic  form  is  not  known  to  exist  within 
the  state  of  New  York,  nor  is  it  at  present  anywhere  a  commer- 
cial source  of  the  metal.  We  are  therefore  chiefly  dependent 
upon  the  combinations  of  iron  with  oxygen  for  our  supply  of 
that  indispensable  substance. 

The  ores  of  iron,  which  occur  in  beds  and  deposits  of  workable 
size  in  the  state  of  New  York,  may  be  classified  by  their  chemical 
composition,  into  oxides  and  carbonates  of  iron,  and  these  may 
be  subdivided,  following    the    mineralogical    charactei^,  into 

I*  altaraUoni  ull  adaiUoiu  Irom  Bnl- 
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species  and  varietiea.    Tbe  following  tabular  arrangement  ehows 
tbe  natural  grouping  of  tbe  Bpeciee: 

Chemical  name  MtncralOEical  specieB  and  common  names 

rFenicand  f.rron.  oxides.  |'M«g"e*»- 

■{  Magnetic  iron  ore. 
^Titaniferons  iron  ore. 


Froto-ecBquioxide  of  iron. 
,72.4  %  of  iroi 


I  Hematite. 
Red  hematite. 
Specular  ore. 
Clinton  ore. — Fossil  ore. 
Ued  ochre. 


Sesqaiozide  of  iron. 
7U  %  of  iron. 


Hjdrated  ferric  oxide. 

Sesquioxide  of  iron. 
60  %  of  iron. 


FerrouGcarbonate. 


iLimonite. 
Brown  hematite. 
Brown  ochre. 
Bog  iron  ore. 

f  Sidcrito. 
Carlionato  ore. 


Carbonate  of  iron.  Spathic  i  Clay  iron  etone. 
48^  of  iron.  Iron  ore    I 

I'WhitoHorfio.' 

A  general  law  of  occurrence  of  iron  ores  is  that  certain  apecies 
occur  in,  or  are  characteristic  of,  definite  geological  horizons. 
For  example,  the  magnetic  iron  ores  and  the  red  hematite  ere 
found  in  the  crystalline  rock  areas  of  the  Pre-cambrian ;  the 
fossil  ore,  tbe  limonite  or  brown  hematite  and  tbe  carbonate  are 
found  in  the  Palaeozoic  rocks;  and  tbe  bog  iron  ore  in  the  more 
recent  formations  of  Tertiary  and  Post  Tertiary  ages.  There  are, 
as  might  be  expected,  many  exceptions;  but  in  the  greater  num- 
ber of  these  apparently  exceptional  cases,  the  surface  alteration, 
due  to  weathering  or  other  atmospheric  agencies,  explains  the 
occurrence. 

This  relation  between  the  geological  formation  and  the  mineral- 
ogical  speciee  or  kinds  of  iron  ore  indicates  the  areas  in  which 
they  may  occur,  and  determines  roughly  their  limits.  Hence,  a 
geological  map  of  the  state  shows  approximately  correct  bound- 
aries of  the  several  iron-ore  districts,  and  is,  as  it  were,  an  iron 
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mmefi  map.  The  g«ol^y  of  a  county  or  district  givea  the  clue 
in  seaithiDg  for  ore;  and  its  importance  can  not  be  too  strongly 
stated,  both  as  a  guide,  suggesting  exploration,  and  warning 
against  unnecessary  and  fruitless  surveys  and  wasteful  outlays 
of  time  and  money.  For  example,  the  magnetites  belong  to  the 
crystalline  rock  districts,  and  the  search  for  them  in  the  later, 
sedimentary  rocks  of  the  adjacent  territory  would  be  a  hopeless 
taslt;  or,  again,  the  exploration  of  the  Highlands  or  Adirondacbs, 
for  carbonate  ores,  would  be  equally  unscientific  and  destitute 
of  good  results. 

The  geological  formations,  which  ate  characterized  as  definite 
ore' horizons,  become  the  basis  of  a  natural  arrangement  of  the 
ore  districts  of  the  state.  They  are  well  marked  geographically 
also. 

Following  this  geologico-geographical  arrangemc'nt,  the  gronp* 
and  iron-ore  districts  are: 

1  The  Highlands  of  the  Hndson. — ^Magnetic  iron  ores. 

2  The  Adirondack  region,  including  the  lake  Champlain  mines. — 
Magnetic  iron  ores, 

3  The  hematites  of  Jefferson  and  St  Lawrence  counties. 

4  The  Clinton  or  fossil  ores. 

5  The  limonites  of  Dutchess  and  Columbia  counties. 

6  The  limonites  of  Staten  Island. 

7  The  carbonate  ores  of  the  Hudson  river. 

A  few  isolated  mines  can  not  be  thus  classified,  as  the  hematite 
near  Canterbury,  Orange  county,  Ackerman's  mine  near  Union- 
TJlle,  Westchester  county,  the  Napanoch  and  Wawarsing  mines, 
in  Ulster  county,  the  hematite  of  Mt  Defiance  in  Ticonderoga, 
and  the  bog  iron  ores  which  are  scattered  in  all  of  the  great 
divisions  of  the  state.  The  iron  sands  of  the  shores  of  Long 
Island  are  left  out,  as  not  properly  a  natural  source  oif  iron. 

MAGNETIC  IRON  ORES 
The  Highlands  of  the  Hudson 

Magnetite  is  one  oi  the  common  mine<rals  in  the  crystalline 
rock  region  of  the  Highlands.  It  occurs  a»  an  accessory  con- 
stituent in  tiie  granitic  and  gneissic  strata;  and  by  itself,  forma 


,.,lc 


BOONOHIC  GKOLOOT  317 

beds  of  cooisiderable  extent  and  thickness.  Accordingly  aa  it  is 
more  or  lees  free  from  foreign  minerals  it  is  rich  or  lean,  varying 
from  the  pure  magnetic  iron  ore  which  contains  72.4^  of  iron 
to  rock  containing  only  traces  of  iron  in  its  minoralogi- 
eal  composition.  The  beds  of  ore  show  lamination  and 
ore  faulted,  folded  and  contorted  as  the  inclosing  strata 
of  rock,  and  have  the  same  general  strike  and  dip  in  common 
with  the  latter.  T^ey  are  generally  of  irregular  form,  in  places 
widening  into  thick  dep<»ile  or  lenticular  shaped  masses,  in 
others  oontracted  in  thin  sheets,  which  are  not  mimed  profitably. 
The  ore  is  found  in  some  cases  to  separate  iinto  thin  layers,  and 
masses  of  rock  ('  horses ')  Aire  met  with  entirely  surrounded  by 
the  ore.  The  phases  of  variation  are  almost  as  many  as  there 
are  mines,  where  they  can  be  studied.  In  the  larger  and  older 
mines  the  ore  has  been  followed  for  thousands  of  feet  in  the  line 
of  strike  or  on  the  course  of  the  oi^e,  and  for  hundreds  of  feet  in 
depth  (oin  the  line  of  dip)  without  reaching  its  limits.  Owing  to 
the  unprofitable  nature  of  working  such  thin  ore  beds,  they  are 
often  not  folloTi-ed  to  the  end,  and  the  real  extent  of  few  of  these 
ore  deposits  is  known.  In  general,  it  may  be  stated  that  in  this 
region  the  ore  beds  ^tand  nearly  on  edge  and  liave  a  nonthea^ 
and  southwest  strike  and  a  descent  or  dip  at  a,  steep  angle  to  the 
southeast.  In  consequence  of  tlieir  highly  inclined  position  and 
thedr  irregular  shape  these  ore  bodies  are  called  '  veins,'  less  fre- 
quently '  chimneys  '  and  '  eboohs '  of  ore. 

The  magnetic  iron  ore  has  not  been  found  distribnited  uni- 
formly throughout  the  Highlands.  There  ap^iear  to  be  certain 
ore  ranges  or  belts  in  which  the  larger  and  more  productive  mines 
are  open-ed.  There  are  mine  groups  also,  as  the  Sterling  Iron  and 
Eaiiway  Ck)mipany'9  mines,  the  Greenwood  mines,  in  Orange 
county;  the  Todd-Oroft  and  Sunk  miuies,  and  the  Oroton- 
Brewster  ranges  in  Putnam  county.  The  twundaries  of  these 
ore-ibearing  belts  and  the  intermedla'te  barren  territory  have  not 
been  determined,  since  the  exploration  has  been  largely  made  by 
individual  effort  and  withouit  any  general  plan  covering  the 
whole  fH-ea. 

Mines  have  been  opened  in  Orange,  Bockland,  Westchester 
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and  Putnam  counties  in  tfhie  iron  ore  diatricft  and  from  tibe  New 
Jersey  line  at  tlie  eoutbweet  to  the  Connecticut  boundary  on  tlie 
east.  Some  of  tlie  largest  and  most  productive  mines  in  Orange 
oouDity  have  been  worked  more  tban  a  century."  This  county 
was  famous  for  its  iron  monufaoture  during  the  rerolutionary 
war.'  The  greatest  development  of  the  iron  mines  in  Putnam 
county  has  been  since  the  opening  of  the  Tilly  Foster  and 
Mahopac  mines  or  during  the  last  26  years.  The  distance 
from  public  lines  of  transportation,  the  increased  cost  of  work- 
ing the  smaller  '  veins '  at  greater  depths,  the  low  prices  for  iron 
ore  and  the  competition  with  the  richer  ores  of  other  paxts  of  our 
country  have  necessitated  lihe  suspension  of  work  in  some  of  the 
mines  and  led  to  the  permanent  abandonment  of  those  most 
unfavorably  situated.  The  ores  of  the  Highlands  district  are  fhe 
hard,  crj'stalline  magnetites.  They  are  generally  rich,  free  from 
titanium,  but  contain  a  slight  escesa  of  phoepiborus  above  the 
limit  for  the  manufacture  of  Bessemer  iron,  excepting  the  Maho- 
pac and  Tilly  Poster  mines,  which  have  yielded  a  large  amount 
oi  Bessemer  ore,  and  a  few  small  mines,  but  which  are  no  longer 
worked. 

The  Adirondack  Re^ ion,  lacluding  the  Lake  Champlain  Mines 
The  Adirondack  region,  the  great  mountain  plateau  of  northern 
New  York,  is  bounded  by  the  valleys  of  Lake  Champlain  on  the 
east,  of  the  St  Lawrence  river  on  the  north  and  northwest,  of 
Black  river  on  the  west,  and  the  Mohawk  on  the  south. 

Magnetite  is  one  of  the  common  minerals  in  the  Adirondacks, 
and  is  widely  distributed,  both  as  a  constituent  or  accessory 
mineral  in  rocks,  and  in  beds  of  workable  extent.  Mines  have 
been  opened  in  all  parts  of  the  region,  but  the  greatest  develop- 
ment has  been  in  the  valley  of  Lake  Champlain,  and  hence  the 
ores  are  known  in  the  market  as  Lake  Champlain  ores. 

The  beginnings  of  iron-ore  mining  in  the  Lake  Champlain  val- 
ley were  early  in  the  present  century.    Some  of  the  forges  were 

aOiB  wBi  dlecoverpd  on  the  SterUnt  tract  M  etrlr  U  ITGO;  the  Forest  et  Dean  mini 
waa  opened  about  tlie  came  time. 

>Bee  Bitloiy  of  the  Uanufaelure  Of  ITOH  («  All  ise>,  br  J>me>  H.  Swank,  PbUadel- 
pUa,  UU,  pp.  Ul-lOI. 
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in  operation  in  1801  and  1802,  and  tbey  were  run  upon  the  ores 
in  their  vicinity.  But  the  output  was  small,  in  the  aggregate  a 
few  tboueauda  of  tons.    The  rapid  increase  wag  after  1840. 

THE  HEMATITE  ORES  OF  ST  LAWRENCE  AND  JEFFER- 
SON COUNTIES 

The  hematites,  or  red  hematites,  as  distinguished  from  the 
brown  hematites  (limonites)  are  mined  in  a  narrow  belt,  scarcely 
30  miles  long,  stretching  from  Philadelphia,  in  Jefferson  county, 
northeast  into  Hermon,  in  Bt  Lawrence  county.  The  ore  de- 
posits are  found  associated  with  a  so-called  serpentine  rock,  and 
lying  between  the  Potsdam  sandstone  and  the  crystalline  rocks 
of  the  Archaean  age. 

The  hematite  of  these  mines  is  generally  firm  and  massive,  of  a 
deep  red  color,  soiling  whatever  it  touches.  In  some  of  the  mines 
there  is  a  specular  ore,  which  has  a  crystalline  structure,  metallic 
Instre  and  is  of  a  steel-gray  to  black  color.  Calcite,  carbonate  of 
iron,  ferruginons  qaartz,  pyrite  and  millerite  occur  in  the  ore. 
These  ores  average  from  i8  to  5^^  of  metallic  iron.  They  con- 
tain an  excess  of  phosphorus  above  the  limit  demanded  by  furnace 
managers  for  making  Bessemer  iron.  For  mixing  with  more  re- 
fractory ores  they  are  sought  after,  being  almost  self-fluxing.  In 
the  market  they  are  often  known  as '  Antw^-p  red  hematites '  and 
'  BoBSie  hematites.' 

Charcoal  furnaces  were  built  early  in  this  century  at  Boasie, 
St  Lawrence  county,  and  at  Sterlingville  and  Antwerp,  in  Jeffer- 
son oonnty,  for  smelting  these  ores. 

THE  CLINTON  OB  FOSSIL  0BE8 
The  red  hwnatite  of  the  Clinton  group  bears  several  names; 
from  its  aggregated  grains  it  is  termed  'oolitic  ore'  or 
'  lenticnlar  iron  ore; '  from  its  foesiliferons  character,  it  is  widely 
known  as  '  fossil  ore,'  and  from  its  place  in  the  geological  seriea, 
it  is  often  called  '  Clinton  ore.'  It  is  remarkable  for  the  thin,  yet 
persistent  beds  over  wide  areas,  which  lie  between  green  shales 
and  calcareous  strata.  Following  the  outcrop  of  the  Clinton 
group,  the  ore  btia  been  found  in  Herkimer,  Oneida,  Madison, 
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Cayuga,  Wajne,  and  M(mroe  ooontiM.  West  of  the  Qeneics 
river  Prof.  Hall  reports  that  it  was  not  seen .•  There  are  two 
beds,  generally  about  20  feet  apart,  according  to  Vanuxem's 
report  on  the  Clinton  group,  thio,  averaging  little  more  than  a 
foot,  and  di«tingai&hed  b;  more  abundant  oolitic  particles  in  the 
lower  bed  and  by  the  larger  grains  and  ■concretions  in  the  upper 
bed.'  Very  little  mining  has  been  done,  excepting  in  the  towns 
of  Clinton,  Oneida  county,  and  Ontario,  in  Wayne  county.  The 
average  thickneBs  of  the  beds  in  these  mines  is  30  inches,  and 
one  bed  only  is  w<»-ked.  They  lie  almost  horizontal,  dipping 
slightly  to  the  south;  and  in  the  extraction  of  the  ore  a  part  of 
the  overlying  shales  has  to  be  removed  and  the  roof  supported  by 
timbering. 

The  ore  consists  of  lenticular-shaped  grains,  closely  aggregated 
in  a  firm  solid  mass,  which  has  to  be  bro'ken  up  by  blasting  and 
heavy  sledging.  It  is  more  friable  and  soft  on  the  outcrop.  It 
is  brownish  red  in  color  and  soils  like  a  paint.  The  percentage 
of  metallic  iron  varies  less  than  in  the  magnetic  iron  ores  and  in 
the  brown  hematites.  The  average  is  44  to  48''.  The  phosphoras 
is  above  the  Bessemer  limit.  It  is  well  adapted  for  making 
foundry  iron  and  is  aaed  for  that  class  of  inm  mainly.  Local 
furnaces  take  nearly  all  the  output  of  the  mines.  The  first  lease 
for  digging  Clinton  ore  was  given  in  1797.* 

THE    LIMONITES    OF    DUTCHESS    AND    COLUMBIA 
COUNTIES 

The  ore  deposits  and  mln«i,  as  here  grouped,  are  in  two  prin- 
cipal ranges  and  limestone  valleys.  First,  the  Fishkill-CIove  belt, 
stretching  northeast,  from  the  Highlands  of  the  Hudson,  across 
the  towns  of  Fishkill,  East  Fishkill,  Beekman  and  Unionvale; 
second,  the  north-south  valley,  traversed  by  the  New  York  and 
Harlem  railway,  from  the  Highlands  across  Dutchess  county, 
and  to  Hillsdale  in  Columbia  county.  The  limonite,  or  brown 
hematite  ore,  ia  found  in  small  pockets  of  irregular  shape,  and 

oHall  Report  on  Burcev  of  th«  Fourth  Oeological  Diatrict,  AJbanjr,  ISIS.  p.  VL 
bVanaxem  Report  od  Sunev  of  tHe  TMra  Oeoloffleal  Dittrict,  Alb&Dr.  IHt.  p.  O. 
cBlREiNBttia;  Tlt«  Iron  artt  eati  of  the  Uttilnippi  Slvtr,  In  MiDsnl  Rwoutgm  tt 
Uw  Cnlted  BtatM  tor  tha  olnibr  rwr  Ut*.  p.  H. 
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also  in  large  deposite,  ^vtnich  are  aeeodated  witli  odireous  clays, 
and  in  some  cases,  with  a  gray  carbonate  of  iron,  in  beds  nnder- 
lying  it.  These  ore  bodies  are  wholly  in  the  limestone  or  between 
the  limestone  and  the  adjacent  slate  or  schist  formations,  or  they 
are  in  the  latter,  and  as  a  rule  of  occorrence  they  are  found  on  or 
near  the  dividing  line  between  these  formations.  Near  Fisbkill 
and  at  Shenandoah  the  deposits  are  art  the  border  of  tbe  Cam- 
brian sandstone  and  at  the  foot  of  the  Archaean  ridgea.  Tbe 
existence  of  the  carbonate  ore  in  the  deeper  parts  of  some  of  the 
mines  and  inter&tratified  with  the  limestonee  is  suggestive  of  tbe 
origin  of  the  oxide  (limonite)  by  tbe  decomposition  of  the  fer- 
riferous beds  through  oxidation  and  tbe  agency  of  carbonated 
waters,  and  of  tbe  great  masses  of  colored  clays,  also,  through 
the  disintegration  and  decay  of  tbe  slaty  rocks  and  more  argil- 
laceous limestone.  Tbe  limestone  of  these  valleys  and  the  over- 
lying slaty  rocks  have  been  studied  by  Prof.  Dana,  and  are  re- 
ferred by  him  to  the  Trenton  limestone  and  the  Hudson  river 
slate  formations. 

The  ore  occurs,  (1)  in  large  masses,  somewhat  cellular,  having 
the  interstice^  filled  with  clays  or  sandy  earths^  (2)  in  cavernous 
and  hollow  '  bombs '  often  with  beautiful  mammillary  or  stalac- 
title  incrustations  on  the  interior,  and,  (3)  in  irregularly  shaped, 
fragmentary  masses,  distributed  unevenly  through  the  ocbreons 
clays  ('  ochres ')  and  sandy  earths. 

Tbe  earliest  iron  manufacture  in  the  state  was  in  Colnmbla 
county,  on  Ancram  creek,  and  was  probably  on  these  ores. 

THE  LIMONITES  OP  STATEN  IBLAKD 
Tbe  group  of  iron  mines  on  Staten  Island  is  in  a  superficial 
deposit  probably  derived  from  the  underlying  rock  in  tbe  process 
of  decomposition  which  has  produced  the  serpentine  of  that 
region.        , 

THE  CARBONATE  GEES  OP  THE  HUDSON  KIVEB 

The  mines  of  spathic  ironi  ore,  or  carbonate  ore,  are  in  tiie 
valley  of  tbe  Hudson  river,  in  Columbia  county,  wuth  of  tbe  city 
of  Hudson,  and  in  Ulster  county  near  Napanoch.    The  miaea 
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Bouth  of  Hudson  are  koown  aB  the  Burden  iron  mines;  aodj  ou 
account  of  their  extent  and  productiveness,  and  tbe  comparative 
JDBignificance  of  tlie  Ulster  county  mines,  the;  ma;  be  considered 
as  practically  the  whole  of  this  group.  Tbe  range  in  which  the 
Borden  mines  are  opened  is  between  one  end  two  and  a-half  miles 
east  of  tbe  river,  -opposite  Gatskill,  and  is  four  miles  in  length, 
from  north  to  south.  It  lies  partly  in  the  town  of  Greenport  and 
partly  in  LiviugBton.  The  ore  crops  out  in  tbe  western  face  and 
near  the  crest  of  Plass  Hill  at  the  north,  and  in  Cedar  Hill  and 
Mount  Thomas  at  the  south.  It  is  Btratified,  and  its  bed  dipe  at 
angles  of  20"  to  40°  to  the  east. 

Tbe  first  mining  of  considerable  extent  done  <0Q  this  range  was 
in  1874. 

LIME  AND  CEMENT. 

Lime  is  produced  throughout  the  State  on  the  outcrops  of  the 
CalciferouB,  Trenton,  Niagara  and  Helderberg  limestonea  Some 
of  the  chief  lo«alitieB  are  Glens  Falls,  Howe's  Cave,  Rochester, 
Bu£Falo,  Sing  Sing,  Pleasantville  and.  Tuckaboe.  Hydraulic 
cement  or  water  lime  is  chiefly  produced  from  beds  of  hydraulic 
limestone  in  the  Water  lime  group  at  the  base  of  the  Txiwer 
Helderberg.  Itoudout  and  Eosendale,  Howe's  Cave  and  the 
vicinity  of  Syracuse  are  important  commercially  for  this  product. 
At  Akron  and  Buffalo  much  water  lime  is  made,  but  from  a  lower 
formation,  probably  the  Salina  Group. 

Portland  cement  is  made  from  marl  and  clay  at  Warner's  near 
Syracuse,  and  at  WaylaJid,  Steuben  county;  from  lime  and  clay 
near  Glens  Falls  and  at  other  points. 

LIMESTONE  FOR  FLUX. 
In  the  present  depressed  condition  of  the  manufacture  ot  iron 
in  New  York,  the  production  of  limestone  for  flux  is  but  a  small 
industry. 

Mineral  Paint 

The  mineral  paint  of  New  York  stajte  is  from  comparatively 
few  localities,  and  is  manufactured  from  rocks  of  five  formations: 

1  From  RoBSie  iron  <we. 

2  E>rom  Cambrian  red  and  green  slate,  near  Wbiteball. 
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3  From  Clinton  iron  ore. 

4  Fixna  Chemung  Bbale,  at  Bandolpb. 

B   From  Catsbill  ahale  at  Boxbury  and  Oneonta. 

This  materia]  is  produced  as  a  byproduct  in  eeTeral  induatriei. 
For  instance  near  Whitehall  red  and  green  mineral  paint  are 
produced  by  grinding  up  the  refuse  of  the  slate  mills.  At  Clin- 
ton, Oneidn  counity,  paint  is  manufactured  from  the  Clinton  iron 
ore.  At  Randolph  in  Cattaraugus  county,  paint  ia  made  from 
red  shales  of  the  Chemnng  group.  At  Bozbury,  Delaware  coanty, 
paint  is  made  from  red  Catskill  ehales  and  at  Oneonta  a  similar 
pigment  hoe  been  made. 

Marl 

This  material  id  found  in  many  places  throughout  the  state. 
Dutchess,  Columbia,  Orange,  Ulster,  Greene  and  Albany  counties 
have  many  small  deposits;  in  central  and  western  Mew  York 
there  are  large  deposits  in  Onondaga  and  Madison  counties, 
particularly  in  the  Cowaselon  swamp;  it  is  also  found  in  Cayuga, 
Wayne,  Seneca,  Ontario,  Monroe,  Genesee  and  Niagara  counties. 

It  is  a  deposit  formed  in  standing  water  and  consists  chiefly  of 
carbonate  of  lime.  It  is  largely  used  as  a  fertilizer,  but  is  also 
employed  in  the  manufacture  of  Portland  cement  as  at  Warners, 
Onondaga  county,  by  the  Empire  Portland  Cement  Co.,  at 
Uontezuma  and  at  Wayland,  Steuben  county,  by  Milleo  &  Co. 

Millstones 

Millstones  for  grinding  paint,  feed,  cement  and  other  purposes 
are  quarried  from  the  Oneida  conglomerate  in  Ulster  county  in 
the  town  of  Rochester  at  Accord,  Granite  and  Kyserike  and  in 
Wawarsing  at  Kerhonkson. 

Salt 

The  salt  industry  of  New  York  is  of  great  importance.  Opigin- 
ally  Syracuse  was  the  center  of  this  industry,  but  since  the  dis- 
covery of  rock  salt  in  and  near  the  Genesee  valley  where  richer 
brines  can  be  obtained  than  atSyracuse.the  center  of  the  industry 
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has  tieen  transferred  "to  this  new  district  and  the  mannfactare 
of  salt  at  Syracuse  has  gradnall;,  diminished. 

The  salt  mines  of  the  Betsof,  Livonia  and  OreigBville  companies 
produce  immense  quantities  of  salt  tor  the  beef  and  pork  packing 
industries,  and  in  this  respect  are  not  directly  competitors  of  the 
companies  manufacturing  salt  from  brine.  About  15  miles 
south  of  Syracuse  the  Solvay  Process  Company  having  found 
rock  salt  in  great  quantity,  by  boring  a  large  number  of  wells 
and  availing  itself  of  an  abundant  water  supply  is,  by  the  aid  of 
gravity,  enabled  to  bring  brine  in  a  highly  saturated  condition 
to  its  works  at  Syracuse  through  a  pipe  line.  This  is  the  basis 
of  a  very  large  industry  in  eoda  ash.  The  Solvay  Company  also 
sells  brine  for  the  manufacture  of  salt. 

In  the  Genesee  valley  and  near  Warsaw  and  Wyoming  are 
many  salt  wells.    There  are  others  at  Ithaca  and  Watkins. 

A.  detailed  description  of  the  salt  and  gypsum  depoeita  of  New 
York  is  given  in  Bulletin  No.  11  of  the  New  York  State  Museum. 

Gypsxjm 

Gypsum  is  quarried  in  New  York  on  the  outcrop  ot  the  Salina 
group  in  Madison,  Onondaga,  Cayuga,  Ontario,  Monroe  and 
Genesee  counties.  It  is  chiefly  used  as  a  fertilizer  in  the  form  of 
land  plaster,  though  at  Oakfleld,  Genesee  county,  a  factory  has 
been  established  to  utilize  the  gypsum  in  the  manufacture  of  wall 
piaster. 

Graphite 

Graphite  of  excellent  quality  is  obtained  near  Ticonderoga,  the 
deposit  being  •cotntrolled  by  the  Dizon  Crucible  Company  of  Jer- 
sey City.  The  mineral  occurs  in  a  mica  schist  and  in  crystalline 
limestone.  It  is  uaed  in  the  manufacture  of  pencils,  crucibles, 
lubricants  and  for  a  variety  of  other  purposes. 

Quartz 

This  material  is  qoarried  for  pottery  at  Bedford,  Westchester 
county,  and  is  ehipped  to  Trenton,  N.  J.    Wihite  quartzite  of 
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Oamtwian  age,  qnarried  at  Fort  Ann  in  WaEdilagtoii  oouDtj,  bae 
been  gronnil  for  use  as  a  wood  filler.  It  hoB  also  been  need  at 
the  Troy  Iron  Works  for  lining  Bessemer  converters  and  for 
similar  refractor;  pnrposea  A  similar  rock  is  quarried  for  wood 
filler  at  Billings,  Dutchess  county. 

At  Ellenville,  Ulster  county,  quarries  and  mills  are  operated 
b;  the  Crystal  Sand  Mannfactaring  Company.  The  product 
which  is  called  '  glass  sand '  is  obtained  from  the  Bhawangnnk 
grit,  which  is  crushed  very  fine.  Mnch  of  it  is  sent  to  the  gla«B 
works  at  Coming. 

Glass  Sand 

Large  glase  sand  deposits  of  Qnatemary  age  occur  at  Dnrhana- 
ville,  near  Oneida  lake.  They  are  operated  by  William  Williams. 
The  eand  is  not  as  white  nor  as  fine  as  tiist  from  Ellenville,  and 
ie  used  for  the  commoneT  grades  of  glaeewaire.  Much  of  it  is 
sliipped  to  Lockport.     The  sand  contains  97-97.5%  Si.  02. 

Glass  was  formerly  made  at  Sand  Lake  in  Bensselaer  County. 

An  artificial  glass  sand  made  at  Ellenville  is  described  under 
the  previons  bead. 

Molding  Sand 

Sand  for  molding  is  found  in  'Sonrlihem  Albainy  county,  wear  the 
Hudson  river,  immedialtely  below  the  8ur^<%  soqI.  When  this  is 
removed  the  sand  ie  skimmed  oft  to  a  deipth  of  about  mx  inches. 
It  is  quite  extenwvely  shipped  from  the  town  of  Bethleihem. 
This  is  a  Quaternary  deposit.  Near  Ponghkeepsie  molding 
sand  is  obtained  from  a  silicious  Potsdam  limestone,  which,  in 
decomposing,  ieaves  a  fine  sand  which  has  been  found  very  satis- 
factory for  this  purpose. 

Garnet 
Oarnet  ie  mined  or  qnorried  in  New  York  staite  in  and  near 
the  valley  of  the  upper  Hudson  river  in  Warren  county  on  the 
borders  of  the  Adirondack  region.  It  all  appears  to  toe  of  the 
common  variety,  Almandite,  and  occurs  in  a  formation  of  crys- 
talline limestone  which  appears  to  form  the  bed-rock  of  the  val- 
ley in  the  vicinity  of  North  Creek  and  Minerva  and  in  gneissic 
\ 
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rocks  which  adjoin,  or  are  intercalated  with,  the  crystalline  lime- 
etone.  It  is  found  m  segregated  masses  of  varying  sizes  from 
tti<ait  of  a  pigeon's  egg  to  a  diameter  of  20  feet.  It  is  commer- 
cially classified  as  massive  garnet,  shell  garnet  and  pocket  gar- 
net, the  former  being  impure  fro«n  the  admixture  of  other  miner- 
als. The  shell  garnet  is  almost  entirely  pure  and  the  most  valu- 
able for  industrial  purposes.  The  pocket  garnet  is  that  which 
occurs  in  small  segregations  or  incipient  crystals  in  the  gneiss. 
This  garnet  is  used  almost  exclusively  in  the  manufacture  of 
sandpaper,  or  garnet-paper,  as  it  is  called,  which  is  employed 
extensively  for  abrasive  purposes  in  the  manufacrtnire  of  boots 
and  shoes.  It  is  also  employed  to  some  extent  in  the  wood 
manufacturing  industry.  For  metals  garnet  is  not  as  good  as 
emery,  although  »ome  satisfactory  results  have  been  obtained 
from  its  use  on  brass.  It  has  been  experimentally  mixed  with 
emery  in  the  maiuufacture  of  emery-wheels  but  without  very 
satisfactory  results. 

Emert 

The  variety  of  Corundum  known  as  emery  is  quarried  at  many 
■  points  in  Cortlandt  township,  Westchester  county,  from  deposits 
which  occur  in  the  eruptive  rocks  known  as  the '  Cortlandt  series.' 
It  is  used  by  the  New  York  Emery  Company  at  Feekskill. 

DiATOMACEOcs  Earth  —  Infusorial  Earth 

This  material  consists  of  hydrated  silica,  and  is  the  accumu- 
lation of  the  minute  skeletons  of  microscopic  forms  of  vegetable 
life  known  as  diatoms.  It  accumulates  in  the  bottom  of  ponds 
and  lakes,  and  is  found  in  recent  as  well  as  Tertiary  and  Cretace- 
ous formations.  While  the  living  diatoms  are  found  in  all  the 
waters  of  the  state,  deposits  of  diatomaeeous  earth  have  been 
reported  from  only  two  localities.  One  of  these  is  in  White 
lake,  town  of  Wilmurt,  Herkimer  county,  and  the  other  is  on  the 
shore  of  Cold  Spring  Ilarbor,  Long  Island,  on  the  property  of 
Dr.  Oliver  Jones.  The  latter  is  a  fossil  deposit  in  beds  probably 
of  Tertiary  age.    The  White  lake  deposit  is  the  only  one  in  use 
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commercially  at  preaent.  The  material  ia  dug  from  the  bottom 
of  the  lake,  which  covers  about  four  acrea,  and  has  a  thickness  of 
two  to  30  feet,  being  covered  by  about  four  feet  of  water.  It 
is  washed  and  run  through  strainers  and  pipes  to  settling  vats, 
where  it  stands  for  24  houra.  The  water  is  then  drawn 
off  and  the  material  shovelled  into  the  press.  Here  it  is  made 
into  cakes  four  feet  square  and  four  inches  thick.  These  are 
subdivided  into  cakes  one  foot  square  and  piled  under  sheds  to 
dry.  For  this  information  I  am  Indebted  to  the  proprietor,  Hr.  ' 
Thomas  W.  Grosvenor,  of  Herkimer. 

The  White  lake  material  is  at  present  only  used  for  polishing, 
though  similar  material  is  nsed  for  absorbing  nitroglycerine  in 
the  manufacture  of  dynamite. 

Talc 
This  material  ocenrs  near  Edwards,  St  Lawrence  county, 
N.  Y,,  in  a  narrow  belt  several  miles  long  and  about  a  mile  wide. 
Th««  are  several  quarries  on  the  line  of  this  belt.  It  is  ground 
in  mills  near  Gouverneur  under  the  control  of  the  Asbesloa  Pulp 
Company,  K  is  chiefly  used  in  the  manufacture  of  paper  and  a 
email  quan'tity  is  used  in  soap,  painit  and  other  ounor  purposes. 
The  annual  product  is  about  30,000  tons,  valued  at  about  f  240,000. 

Peat 

This  material,  w^hicb  is  the  residue  from  the  partial  decay  of 
plants  in  water,  is  of  freqaent  oocn-rrence,  but  is  only  used  locally 
aa  a  fertilizer. 

Petroleum  and  Illuminating  Gas 

The  occurrence  of  petroleum  in  New  York  was  first  recorded 
by  a  Franciacan  friar  who  visited  the  oil  spring  at  Cuba, 
Allegany  county,  in  1627.  Late  in  the  present  century  the  oil 
from  this  spring  was  highly  valued  by  the  Indiana  for  external 
applications  and  was  thought  to  have  a  higlily  curative  power. 
It  was  widely  known  under  the  name  of  '  Seneca  oil.'  The  pro- 
duction of  oil  in  New  York  is  at  present  confined  to  Cattaraugoa 
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and  Allegan;  oountiea.  The  CSattairaugtM  ctmirty  fleM  is  a  oortii- 
waid  entenMon  of  the  Bradford  field  of  PemwylTania  and  is  con- 
tinuoufl  over  the  state  line.  Tihe  Allegany  county  field  ia  more 
isolated,  altbougb  'the  oil  comes  Iraou  the  eame  geologieal  hori- 
zon, which  is  a  saitdiEttoiiie  in  the  upper  Obemuog  or  C^t&kill.  This 
faeiB  been  discussed  in  great  detail  by  OhaTles  A.  Aehiburuer  In 
tbe  Traiiea«ti<»i8  of  American-  InsMtate  of  Mining  Eogineers  for 
1887.  I 

Natural  illnminaltiuig  gae  was  first  used  in  New  York  at  Fre- 
donia,  CQi^utauqua  oounty,  in  1821.  It  is  still  in  use  at  the  local- 
ity in  question,  but  the  quantity  is  insufficient  to  supply  the  wtole 
Tillage.  Beftidee  Predonia,  at  the  present  time  Buffalo,  Honeoye 
Falls,  Pulaski  and  Sandy  Greek  aire  using  natural  gas  for  heat- 
ing and  illuminating  purposes  and  wells  have  been  bored  in  tbe 
Ti«iuity  of  Oswej^o,  as  well  as  at  Fnlton  and  Baldwinsrille.  Oas 
wells  hare  been  bored  tentatively  at  a  lai^e  uuimber  of  places  in 
New  York  State  and  small  quantities  of  gas  have  been  found, 
bnt  the  enterprises  have  not  ibeen  financially  sucoessfal.  At 
present  many  of  the  welte  dn  Buffalo  have  ceased  to  yield  and  a 
large  quantity  of  the  uatnral  gas  now  consumed  in  that  city  is 
brought  in  pipe-lines  from  Canada.  The  gas  of  Fredonia  comes 
from  shales  immediately  wee  the  corniferous  limestone.  The 
gas  of  the  oil  districts  comes,  like  tbe  oil,  from  the  horizon  of  the 
Oatskill.  The  gas  ct  cenibral  and  northern  New  York  comes  from 
the  Trenton  limeetone. 

Natural  Carbonic  Acid  Gas 

This  material  is  obtained  at  Saratoga  iSprings  and  vicinity  by 
boring  wells  to  a  depth  of  about  350  feet  Carbonated  waters 
flow  to  Uhe  surface  and  aire  conducted  through  pipes  to  large  gas 
holders,  where  the  gas  separates  from  the  water  and  is  then 
pumped  into  compressors  from  which  it  is  forced  into  steel  cyl- 
inders nnder  a  pressure  of  about  1,000  pounds  to  the  sqnare  inch. 
These  cylinders,  wlhen  filled,  are  shipped  to  the  consumers,  who 
use  it  chiefiy  in  the  manufacture  of  soda  water,  both  for  the 
Whiolesale  and  retail  trades.    At  present  this  gas  is  shipped  from 
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Saratoga  Springs  to  New  York.  New  Jersey,  Pennsylvania, 
MassoicbuBetts,  Conoecticut  and  Rhode  Island.  Id  addition  to 
tlte  large  qnantitiee  consumed  for  soda  water,  it  is  also  being 
u«ed  for  refrigerating  parpoeee  and  in  the  manufacture  of  cod 
liver  oil. 

Mineral  Waters 

The  mineral  springs  of  New  York  are  widely  known.      In 

addatioD  to  the  revenue  £rom  mineral  springs  used  for  balhs  at 

health  resorts,  a  large  industry  now  exists  in  the  boititling  and 

flih'ipment  of  mineral  waters  for  domestic  oonsumption. 

List  of  Mineral  Springs  in  New  York  which  are  Commercially 
ProducUTC 

Adirondack  Mineral  Springs  (H.  V.  Knight),  Whitehall,  Wash- 
ington counrtj.  I 

Avon  Sulphur  Springe  (0.  D.  Pihelps),  Avon,  Livingston  county. 

Artesian  Lithia  Spring  (C.  O.  McCreedy),  Ballston  Spa,  Sara- 
togia  county. 

Cairo  White  Solpbnr  Spring  (H.  K.  Lyon),  Cairo,  Greene 
county. 

Cayuga  Mineral  Spring  (Ludus  Baldrwin),  Cayu^,  Cayuga 
county. 

Chittenango  White  Sulphur  Springs  (W.  H.  Young),  Chdtten- 
engo,  Madison  county. 

Chlorine  Springs  (J.  L.  Grover),  Syracuse,  Onondaga  county, 

Clifton  Springe  (Dr.  Henry  Foster),  Clifton  Springs,  Ontario 
oonnty. 

Dansville  Springe  (J.  AjPtihnr  Jackeon,  secretary  and  manager), 
Daneville,  Livingston  county. 

Deep  Bock  Spring  (Deep  Bock  Spring  Co.),  Oswego,  Oswego 
connty. 

Massena  Springs  (Shedden  &  Steams),  Maseena,  St.  Lawrence 
county. 

Nunda  Minernl  Springs  (Daniel  Price),  Nunda,  Livingston 
county. 

Reid's  Mineral  Spring  (J.  B.  McNeil),  Sontai  Argyle,  Washing- 
ton county. 
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Biclifleld  Bppinge  (T.  E.  Proctor),  RichfleM  Springs,  Otoego 
county. 

Champion  Spring  (J.  Z.  Formel),  Saratoga  Springs,  Saratoga 
county. 

Jlmpire  Spring  (H.  W.  Hayee,  manager),  Sarailoga  Springs, 
Saratoga  county. 

Exceleior  Spring  (F.  W.  lAwrence),  Saratoga  Springs,  Sara- 
toga eounty. 

Geyser  Spring*  (Geywer  Spring  Co.),  Saratoga  Springs,  Sara- 
toga eounty. 

Hathom  Spring  (Hathom  Spring  Co.),  Sara.t(^a  Springs,  Sara- 
toga county. 

Old  Red  Spring  (E.  H.  Peters,  superintendent),  Saratoga 
Spii-ings,  Saratoga  county. 

Vichy  Springs  (L.  A,  Jamee,  superintendent),  Saratoga  Springs, 
Saratoga  county. 

SAiaron  Springs  (Jobn  H.  Gardner  &  Son),  Sharon  Springs, 
Schobarie  county, 

Slflterville  Magnetic  Springs  (W.  J.  Cams  &  Son),  Slaterville, 
Tompkins  county, 

Verona  Mineral  Springs  (A.  A.  Hunt,  M.  D.),  Verona,  Oneidu 
county. 

White  Sulphur  Springs  (T.  C.  Luther),  BalUton  Spa,  Saratoga 
county. 

White  Sulphur  Springs  (J.  Hocbstatter),  Berne,  Albany  county. 
Star  Springs,  Saratoga  Springs. 

Elkhorn  Spring  (Clark  Snook),  Manlins. 

Royal  Spring  (A.  Putnam,  Jr.,  president),  Saratoga  Springs, 
Saratoga  county. 

Lebanon  Thermal  Spring  (P.  Carpenter),  Lebanon  Springs. 

Crystal  Rock  Water  Co,  (L.  Q.  Deland,  president),  Fairport. 

Victor  Spring  (H.  J.  Dickinson,  Buffalo),  Darien,  Genesee 
county; 

Geneva  Magnetic  Mineral  Spring  (C.  A.  Steele),  Geneva,  N.  Y., 
Ontario  county. 

Oneita  Springs  (Oneita  Spring  Co^),  Utica,  N.  Y.,  Oneida 
county. 
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Empire  Sene<UL  Spring  (M.  W.  Oobb,  of  Fredonia),  Dunkirk, 
N.  Y.,  Chantauqna  county. 

CryBtal  Spring  (Aaa  D.  Baker),  Barrington,  N.  Y.,  Yates 
county. 

Great  Bear  Spring,  Fulton,  Oswego  ccranty. 

Minerals  Not  Commercially  Important 

In  addition  to  the  minerals  which  have  already  been  mentioned 
there  are  many  depoeits  in  Xew  York  which  are  not  at  present 
of  commercial  importance.  These  may  be  rO'Ughly  classified  as 
metallic  minerals  and  DiOii-metallic  minerals. 

METALLIC  MINEBALB 

In  this  class  are  iron  pyrites,  arsenopyrite,  chromite,  chalcopy- 
rite,  cuprite,  galentte,  cerusite,  sphalerite,  wad  or  bog  manganese, 
millerlte  and  molybdenite.  Tbe  galenite  and  pyrites  have  re- 
spectively yielded  small  quantities  of  silver  and  gold  at  certain 
places,  but  at  no  locality  in  New  York  have  enough  of  the  precious 
metals  ieen  found  at  any  time  to  pay  for  the  expense  of  extracting 
them.  From  time  to  time  capital  is  invested  for  the  purpose  of 
gold  or  silver  mining  in  New  York,  but  always  without  practical 
results.  The  experience  ot  50  years  ba«  sbowa  that  neither  in 
New  York  nor  in  New  England  have  either  of  the  metals  been 
found  in  paying  quantities. 

The  following  is  a  list  of  the  principal  localities  at  which  the 
various  metallic  minerals  are  found: 

IRON,  SULPHUR,  ARSENIC 

Pyrite,  iron  pyrites,  bisulphide  of  iron.  Antbocy's  nose,  West- 
chester county,  mine  formerly  worked;  Philips  ore  bed, 
Pbillipstown,  Patterson,  southeast  of  Carmel  and  near  Lud- 
ington  mills,  in  Putnam  county;  with  galena  at  Wnrtsboro  lead 
mine,  Sullivan  county;  Fiat  creek,  Montgomery  county;  near 
Canton,  Bt  Lawrence  county,  in  extensive  beds ;  Duane,  Franklin 
coanty,  large  bed;  Martinsbnrg,  Lewis  county;  Eighteen  mite 
creek,  Erie  county,  and  many  other  localities,  sparingly  in  rocks. 
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Araenopyritt,  miapichel.  Kear  Edenrille,  Orange  coanty,  with 
arBenical  iron  and  orpiment,  in  a  vein  in  wbite  limeBtone;  near 
Pine  pond  in  Kent,  and  near  Bojd'B  Corner,  Putnam  county. 
These  localities  have  been  opened,  but  not  worlced  for  arsenic. 

Chromite,  chrome  iron  ore.  In  serpentine,  Phillipstown^  Putnam 
conutj;  Wilks'  mine,  Monroe,  Orange  county. 

OOPPEB 

Chalcopyrite,  copper  pyrites;  aulpkide  of  iron  and  copper.  An- 
cram  lead  niiiie,  Columbia  county;  Bockee  mine,  Columbia 
county;  near  Edenville,  Orange  county;  with  afsenopyrite;  near 
Wurtsboro,  Sullivan  county,  with  galena  in  considerable 
abundance;  Ellenville  and  Bed  Bidge  lead  mines,  Ulster 
county;  near  Bofisie,  and  alao  neair  Oautou,  in  Bt  Lawrence 
county,  once  worked.  Many  additional  occurrences  are  reported 
where  it  is  in  small  quantity. 

Cuprite,  red  oxide  of  copper.  Near  Ladentown,  Rockland 
county,  in  thin  eeams,  in  trap  rock. 

LEAD 

Qalenite,  galena;  sulphide  of  lead.  Otlsville,  Orange  county; 
EUenvlIle  and  Bed  Bridge,  TTIster  coiraty;  with  copper  pyrites 
and  blende,  in  a  gangue  of  quartz  in  Oneida  coDglomerate,  mines 
no  longer  worked;  Wurteboro,  SulliTan  county;  near  Sing  Sing, 
in  Westchester  county;  northeast  township,  Dutchess  county; 
Ancram,  Colum<bia  county;  atnings  of  galena,  blende  and  pyrites 
in  limestone;  White  creek,  WaaWngton  county;  Martinsburg, 
Lewis  county;  Spraker's  basio,  Montgomeiy  county;  Bossie  and 
vicinity,  St  Lawrence  county;  mines  largely  worked  years  ago;  ore 
occurs  in  vein  with  blend,  pyrites  and  copp«'  pyrdtes.  These 
mines  have  all  been  idle  for  several  years. 

Cerusite,  carbonate  of  lead.  Bofisie,  Bobinson,  Boss  and  oth^ 
lead  mines,  in  St  Lawrence  county;  Martinsburg,  Lewis  county; 
near  Sing  Sing,  on  Hudson,  associated  with  galena,  in  small 
quantity. 
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1  ZINO 

Sphalerite,  zinc  tlende;  sulphide  of  zrinc.  Associated  with 
galena  at  lead  mlnee  in  Sullivan,  Ulster  and  Orange  coun'ties; 
Ancram,  Colnmibia  conn'ty;  Fl&t  creek,  Montgo^mery  coanty; 
Ballabury,  Herkimer  county;  Martinsburg,  Lewisbnrg,  Lewifl 
county;  Cooper'e  Falls,  Mineral  Point,  and  in  Fowler,  Bt  Law- 
rence county. 

MANGANESE 

Wad,  earthy  manganese,  hog  manganese.  In  town  of  Austerlitz, 
Colnmbia  county,  are  several  localities;  also  in  Hillsdale  and 
Canaan,  same  county;  smaller  deposits  near  HouseTille,  Lewis 
county,  and  soutbeaet  of  Warwick,  Orange  county. 

NICKEL 
Millerite,  attlphide  of  nickel.   Sterling  iron  mine,  Antwerp,  Jeffer- 
son county,  famous  for  crystalline  forms. 

MOLYBDENUM 
Molybdenite;  sulphide  of  molybdenum.     West  Point  and  near 
Warwick,  Orange  county;  Philips  mine,  Putnam  county;  Clinton 
county,  but  sparingly,  in  granite  rooks. 

NON-METALLIC  MINERALS 

Under  the  bead  of  non-metallia  minerals  wbicb  have  a  com- 
mercial value  but  do  not  occur  in  New  York  in  a  quantity  large 
enougb  to  be  of  economic  importance,  may  be  enumerated  apatite, 
aabestus,  barite,  biotite,  calcite,  fluorite,  magnesite,  muscovite  and 
serpentine.  The  principal  localities  for  these  minerals  are  given 
herewith ; 

Apatite;  phosphate  of  lime.  Hammond,  8t  Lawrence  county, 
crystalline,  with  calcite,  zinc  ore  and  feldspar;  near  Goaverneur, 
Bt  Lawrence  county,  crystals  in  calcite,  Vpooman  lake,  Jefferson 
county;  Greenfield,  Saratoga  county;  near  Hammondsville, 
Essex  county;  with  magnetite  in  some  of  iroa  ores  near  P<yn 
Henry;  other  localities  of  occurrence. 

Barite,  liarytes,  heavy  spar;  sulphate  of  baryta.  Anoram,  Colum- 
bia county;  near  Schoharie  Courthouse,  with  strontianite,  in  the 
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Water-lime  group;  Carlisle,  Schoharie  county;  near  Littlefalla 
and  .  Fairfield,  Herkimer  county;  near  Syracuse,  Onondaga 
county;  Pillar  Point,  Jefferson  county,  in  large  veins;  Hammond 
and  De  Kalb,  §t  Lawrence  county. 

Calcite,  calcareous  tufa,  travertine;  carbonate  of  lime.  Vicinity 
ol  Schoharie  Courthouse,  Schoharie  county;  iSbaron  Springs,  a 
large  deposit;  Howe's  Cave,  Schoharie  county;  near  Catskill, 
Greene  county;  head  of  Otsqnaga  creek,  Stark,  Herkimer  county; 
Saratoga  Springs;  near  Syracuse  and  in  Onondaga  valley,  Onon- 
daga county;  between  Camillas  and  Canton,  same  county;  near 
Arkport,  Stenben  county;  near  Ellicott's  mills,  Erie  county,  and 
many  lesser  deposits. 

Fluorite,  ftuor  spar;  fluoride  of  Kme.  Muflcalosge  lake,  Alexan- 
dria, Jefferson  county,  very  fine  crystals;  Lowville,  Lewis  county; 
Niagara  county,  at  Lockport;  Auburn,  Cayuga  county;  Rossie 
and  Mineral  Point,  St  Lawrence  county. 

Magnesite,  carbonate  of  magnesia.  Near  Rye,  Westchester 
county;  Warwick,  Orange  county;  New  Rochelle,  Westchester 
county;  Stony  Point,  Rockland  county;  Serpentine  hilU,  Staten 
Island;  everywhere  in  thin  seams  and  Btringa. 

Muscovite,  mica.  As  a  rock  constituent,  common.  In  large 
plates  near  Warwick  and  at  Greenwood  at  Mount  Bashau  pond, 
in  Orange  county ;  Pleasantville,  Westchester  county,  once  opened 
and  mined;  Henderson,  Jefferson  county;  Potsdam  and  Edwards, 
in  St  Lawrence  county. 

Serpentine.  Staten  Island,  near  New  Rochelle  and  near  Bye, 
Westchester  county;  Phlllipstown,  Putnam  county;  near  Amity, 
Orange  county,  verd  antique;  Johnsburg  and  Warrensburg,  War- 
ren county;  Shelving  rock,  Lake  George,  Washington  county; 
Gfluverneur,  Fowler,  Edwards  and  Pitcairn  townships,  in  St 
I^wrence  county;  other  localities  of  occurrence  in  small  quantity. 

COAL   AND   LIGNITE 
Coal  and  lignite,  while  they  occur  in  New  York,  can  never  be 
found  in  commercial  quantities.     The  coal  measures  of  Pennsyl- 
vania are  not  found  north  of  the  boundary  line  between  Pennsyl- 
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vania  and  New  York,  and  what  coal  hae  been  diaeoTered  in  the 
latter  state  ia  in  older  formations  which  do  not  contain  this 
valuable  mineral  in  commercial  quantities.  Many  thousatids  o( 
dollars  have  been  spent  in  fruitless  efforts  to  obtain  coal  in  New 
Yofk,  but  year  after  year  men  appear  in  the  field  who  seem 
anxious  to  pay  for  their  own  experience.  It  can  not  be  too 
strongly  urged  upon  the  attention  of  the  people  of  the  state  that 
it  ia  abaolutelp  uaeleas  to  seek  for  coal  in  New  TorJe. 

Coal.  Woodstock,  Ulster  county,  thin  vein  in  the  Catekill, 
worked  out;  in  seams  interstratified  with  shale,  in  Chautanqna, 
Erie,  Livingston  and  Seneca  counties. 

Lignite,  brown  coal.  Near  Rossrille,  8taten  Island,  thin  seam 
in  clay;  also  in  Suffolk  county  in  clays. 
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suggestions  for  study 
Geologic  Text-Books  and  Books  of  Reference 

Geology  is  not,  like  history,  a  ombject  which  can  be  learned 
wholly  from  books.  Noit  even  an  elemeDtary  knowledge  of  it  can 
be  readily  obtained  without  careful  field  study  of  some  promi- 
nent dietrict.  The  student  must,  however,  use  books  to  supply 
him  with  imformation  as  to  the  work  of  others  who  have  gone 
before,  while  bis  powOTS  of  observation  and  inference  are  being 
trained  on  geologic  phenomena. 

When  taking  up  the  field  etndy  of  a  new  district,  it  is  import- 
ant to  ascertain  what  is  already  known  concerning  it.  An 
attempt  is  made,  therepfore,  to  direct  attention  to  the  principal 
publications  on  New  York  geology. 

The  four  geologic  reports  of  Hall,  Mather,  Emmons  and  Van- 
uxem  on  the  districts  aseigned  to  them  in  the  original  survey 
of  the  state  which  was  begun  in  1837  and  concluded  in  1841,  are 
now  out  of  print,  but  are  found  in  most  of  the  public  libraries  of 
New  York,  and  can  be  purchased  of  the  dealers  in  old  books  in 
the  larger  cities.  They  contain  an  immense  amount  of  valuable 
detail  and  should  be  consulted  by  all  persons  interested  in  Mew 
York  geol(^j.  The  report  on  the  fourth  district  by  James  Hall, 
is  as  valuable  to-day  as  when  it  was  written  and  comparatively 
little  has  been  added  by  later  investigators  in  the  region  des- 
cribed, except  in  regard  to  quaternary  and  economic  geology. 

In  addition  to  these  four  quarto  volumes  on  the  geology  of 
New  York,  there  have  been  many  paipers  published  in  the  annual 
reports  of  the  New  York  State  Museum  and  the  State 
Geologist  of  New  York,  A  multitude  of  papers  have  aleo  been 
published  by  persons  not  officially  connected  with  the  State 
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In  additiwi  to  the  more  technical  books  described  above,  tbere 
are  man;  accurate  and  important  -works  written  for  popular  read- 
ing both  at  home  and  abroad.  The  number  of  these  is  conBtantl; 
increasing  and  the;  can  be  found  in  the  large  libraries  or  obtained 
through  the  book  sellers. 

Field  Work 
outceops 

There  are  in  general  two  classes  of  geologic  strata,  the  hard 
and  the  soft.  In  New  York  the  hard  strata  include  all  rocks 
older  than  the  Cretaceous.  The  soft  include  the  formations  of 
the  Cretaceous,  Tertiary  and  Quaternary.  Almost  everywhere 
the  hard  rocks  are  overlaid  by  soft  deposits,  usually  of  Quarter- 
nary  age,  so  that  in  any  locality  there  is  generally  both  hard  and 
soft  geology. 

Tlie  hard  geol^)gy  is  probably  best  for  the  beginner  to  take  up 
first,  where  he  has  a  choice  between  the  two.  In  Dana's  Manual 
of  Geology  and  Sir  Archibald  Qeikie's  Outlines  of  Field  Geology, 
detailed  directions  are  given  for  methods  of  study  among  the  bard 
rocks. 

The  most  important  habit  to  be  cultivated  by  the  beginner  in 
geology,  is  that  of  recognizing  ontcrops  when  they  occur,  oe  in 
th^r  absence,  of  determining  by  surface  indications  the  character 
of  the  rock  which  underlies  the  soil. 

The  beginner  must  form  early,  the  habit  of  distinguishing  loose 
fragments  or  boulders  from  ledges  or  outcrops,  and  in  regions 
devoid  of  outcrops  must  study  carefully  the  stone  fences  for  frag- 
ments of  the  local  rock.  The  fences  as  a  rule  represent  the  aggre- 
gate of  loose  rock  fragments  gathered  from  the  surface  of  the 
agricultural  lands  and  these  fragments  have  usually  come  from 
the  underlying  rock.  In  parts  of  western  New  Ywk,  over  the 
soft  Salina  shales  no  fragments  of  local  rock  are  foiund  because 
it  decomposes  into  clay.  There  the  fences  are  formed  of  small, 
hard  cobblestones  chiefly  derived  from  the  granite  and  gneiss 
rocks  of  Canada  and  brought  to  their  present  resting  place  by  the 
great  ice  sheet    ' 
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Where  the  covering  of  soil  and  otber  loose  material  is  thick, 
outcrops  Bhould  be  soogbt  along  the  beds  of  rivers,  creeks  and 
rivulets.  Buuning  water  usually  cuts  through  the  softer  material 
and  reaches  the  harder  rock  below.  For  this  reason  the  gutters 
and  ditches  by  the  sides  of  roads  should  be  examined  for  expos- 
ures, if  no  other  source  of  information  is  available. 

It  is  not  possible  here  to  give  any  adequate  directions  for  the 
study  of  Boft  geology.  This  branch  ie  Btiil  immature  and  is  chieSy 
in  the  hands  of  specIaliBts.  The  literature  of  Quaternary  geology 
is,  however,  very  large  and  by  a  careful  study  of  it,  the  beginner 
may  form  some  conception  of  its  scope.  A  single  field  day  with 
u  good  geologist  is  worth  more  than  many  weeks  of  reading. 

F0SBIL8 
It  is  important  for  the  beginner  to  realize  that  perfect  speci- 
mens of  fossils  such  as  are  exhibited  In  the  museums  and  figured 
in  the  works  on  palaeontology  are  not  every  where  to  be  found 
and  that  the  more  common  examples  are  fragmentary.  Were  it 
not  for  the  diBBolving  action  of  atmospheric  water  on  carbonate 
of  lime  the  study  of  fosails  would  still  be  in  ite  infancy,  as  in  many 
casee  the  f osail  is  whollyincloBed  in  a  firm  maas  of  limestone  Irom 
which  it  can  not  be  separated  by  the  hammer  alone.  On  the  sur- 
face exposures  of  limestone,  the  action  of  the  wsather  removes  a 
part  of  the  matrix,  exposing  for  a  time  the  surface  of  the  shell. 
This  after  a  few  years  may  in  turn  yield  to  the  dissolving  action 
of  atmospheric  water  and  gradually  disappear,  another  specimen 
at  a  lower  level  being  gradually  brought  to  view  in  its  place.  In 
sandstones,  the  calcareous  fossils  are  usually  entirely  dissolved 
out  of  the  surface  layers  and  it  is  only  by  the  impressions  or  casts 
which  they  leave  behind,  that  we  know  of  their  existence.  If 
means  are  afforded  for  excavation  and  blasting,  below  the  reach 
of  the  rain  water,  will  be  found  a  bed  of  rock  from  which  the 
calcareous  matter  has  not  been  dissolved  away,  bat  in  this  case 
it  is  often  difiScnlt  to  separate  the  fossils  except  by  long  and 
tedious  process  of  cleaning  or  deveiopii.g  with  small  tools. 
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Within  the  writer's  observation,  Btndents  at  the  beginning  of 
their  field  experience  are  misled  by  the  perfection  of  cabinet 
specimens  and  figures  and  hope  to  find  everywhere  such  perfect 
forms;  as  a  matter  of  fact,  they  must  learn  to  be  guided  for  the 
most  part  by  fragments. 

It  does  not  seem  possible  to  give  within  the  limits  of  this  publi- 
cation any  adequate  description  of  the  fossils  which  are  charac- 
teristic of  the  different  strata.  It  is  better  for  these  to  refer  to  the 
original  publications  of  the  New  York  Natural  History  Survey. 
In  the  four  reports  on  geology  by  Mather,  Emmons,  Vanuzem  and 
Hall,  numerous  illustrations  of  fossils  are  given  hut  the  najnes 
are,  in  many  cases,  out  of  date.  In  the  volumes  on  Palaeontology 
from  I  to  VII,  are  described  and  figured  most  of  the  fossils  of 
New  York  state  from  the  Potsdam  sandstone  fo  the  Ch^nung. 
Volume  VIII  gives  a  revision  of  the  Brachiopoda.  To 
these  volumes,  therefore,  the  student  should  refer  for  the  identili- 
cation  of  such  forms  as  he  may  find  in  his  field  excursions.  A  few 
of  the  more  common  species  are  figured  in  Dana's  Manual  of 
Oeologjf,  which  should  be  in  the  hands  of  every  «tndent.  For  those 
pursuing  more  critical  studies,  the  work  of  8.  A.  Miller  on  North 
American  Geology  ani  Palaeontology  is  of  great  value  as  it  gives  a 
complete  list  of  all  Palaeozoic  fossils  described  up  to  the  date  of 
its  publication  and  indicates  the  more  modern  names  in  the  many 
cases  where  there  has  been  a  change  of  nomenclatare.  Of  the 
eight  volumes  of  New  York  palaeontology  mentioned,  the  first 
two  are  out  of  print  and  are  only  to  be  had  from  dealers  in  Bec<md 
hand  tKwks,  but  they  will  probably  be  found  in  most  of  the  public 
libraries  of  New  York  state.  The  remaining  volumes  are  sold  at 
«2.60  each. 

THE  NATURAL  HISTORY  SURVEY  OF  NEW  YORK 
AND  THE  ORIGIN  OF  THE  STATE  MUSEUM 
The  New  York  State  Museum,  organized  by  act  of  legislature 
in  1870  under  the  title  of  the  State  Museum  of  Natural  History 
and  placed  under  the  trusteeship  of  the  Regents  of  the  University, 
is  the  result  of  the  geological  survey  of  the  state  commenced  in 
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TbJ8  surrey  was  establtBhed  at  the  expressed  wieb  of  the  peo- 
ple to  have  some  definite  and  positive  knowledge  o(  the  miaeral 
resonrces  and  the  vegetable  and  animal  prodnctions  of  the  state, 

Bon.  Stephen  Van  BensBelaer  waa  the  patron  6l  the  first  enter- 
prise of  this  kind,  and  bad  poblished  much  valuable  information, 
but  it  was  felt  that  a  more  thorongh  iuTeBtigatioo  was  needed. 
The  idea  was  fully  expressed  in  a  memorial  presented  by  the 
Albany  Institute  to  the  state  legislature  in  1834,  in  which  the 
object  was  thus  stated:  'to  form  a  grand  and  comprehensive 
collection  of  the  natural  productions  of  the  state  of  New  York; 
to  exhibit  at  one  view,  and  under  one  roof,  its  animal,  vegetable 
and  mineral  wealth.' 

In  1835  the  New  York  Lyceum  of  Natural  History  presented  a 
memorial  to  the  l^islature  on  the  same  subject,  and  it  is  pre- 
sumed that  this  memorial  and  the  inQuences  prompting  the  re- 
quest of  the  Albany  Institute,  induced  the  legislature  of  1835  to 
pass  a  resolution  requesting  the  secretary  of  state  to  report  to 
that  body  a  plan  for  '  a  complete  geological  survey  of  the  «tate, 
which  should  furnish  a  scientific  and  perfect  account  of  its  rocks, 
soils  and  minerals;  also  a  list  of  its  mineralogicat,  botanical  and 
zoological  productions,  and  provide  for  procuring  and  preserving 
specimens  of  the  same,  etc' 

Pursuant  to  this  request,  Hon.  John  A.  Dix,  then  secretary  of 
state,  presented  to  the  legislature  of  1836,  a  report  proposiug  a 
plan  for  a  complete  geological,  botanical  and  zoological  survey 
of  the  state.  I 

The  scientific  staff  of  the  natural  history  survey  of  1837  was 
appointed  by  Governor  Beward  pursuant  to  an  act  of  the  legis> 
lature,  and  consisted  of  J(An  Torrey,  botanist,  James  E.  De  Kay, 
zoologist,  Lewis  C.  Beck,  mineralogist,  W.  W.  Mather,  Ebenezer 
Emmons,  Lardner  Vanuxem  and  James  Hall,  geologists,  and 
Timothy  A.  Conrad,  paleontologist.  The  state  was  divided  into 
four  districts,  each  of  which  was  assigned  to  a  geologist  in  the 
order  given. 

The  heads  of  the  several  departments  reported  annually  to  the 
governor  the  results  of  their  investigations!,  and  these  constituted 
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the  aoDual  octavo  reports  which  were  published  from  1837  to 
1841.  The  final  reports  were  published  in  quarto  form,  beginning 
at  the  close  of  the  field  work  in  1841,  and  3,000  sets  have  been 
distributed,  comprising  four  volumes  of  geology,  one  of  mineral- 
ogy, two  of  botany,  five  of  zoology,  five  of  agriculture  and  eight 
of  palaeontolt^fy- 

The  collections  in  the  several  departments  were  Bupposed  to  re- 
quire a  room  of  8ome  magnitude,  and  it  was  thought  that  such 
could  be  found  in  the  third  story  of  the  old  capitoi,  by  taking 
away  a  partition  and  throwing  into  one,  two  rooms  used  by  com- 
mittees; but  long  before  the  completion  of  the  «urrey  it  was  evi- 
dent that  the  collections  would  require  much  more  space  than  the 
vapitol  rooms  would  afford,  and  in  1840  Gov.  Seward,  in  response 
to  a  memorial  urging  '  the  importance  of  providing  suitable  rooms 
or  a  separate  building  for  the  collections  made  during  the  sur- 
vey/ recommended  that  the  old  State  hall  on  the  corner  of  State 
and  Lodge  streets  be  used  for  that  purpose. 

This  old  building  was  replaced  in  1857  by  a  new  one,  Geological 
and  Agricultural  hall,  and  the  collections  which  at  first  were  to 
find  place  iu  two  committee  rooms,  now  occupy  a  large  part  of 
the  main  floor  and  three  entire  floors  above,  besides  storage  ac- 
commodations in  the  basement. 

These  collections  form  a  scientific  museum  of  great  interest  and 
value,  and  its  publications  are  recognized  among  tbe  works  of 
standard  authority  in  science.  The  geological  survey  of  Kew 
York  has  been  comprehensive  and  extended,  yet  some  portions  of 
the  work  are  still  incomplete;  the  northern  part  of  the  state  has 
been  but  pariially  studied,  and  its  geologic  structore  is  but  im- 
perfectly known. 

This  museum,  with  itfi  extensive  and  increasing  collections  and 
publications,  plays  an  important  part  in  the  educational  system 
of  the  state,  since  the  importance  of  this  kind  of  education  has 
become  so  fully  and  generally  recognized. 

Although  neither  ooal  nor  mines  of  gold  or  silver  have  been 
found  within  the  state,  it  has  been  shown  that  New  York  pos- 
sesses the  most  complete  and  nnbrokra  series  of  the  Palaeozoic 
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or  older  fossiliferoua  rocte  kuorwn  in  the  worM;  and  that  for 
these  the  collections  of  the  tnnseam  with  the  nomenclatDre 
adopted  by  the  geological  survey  of  New  York  will  always  be 
the  standard  of  reference  and  authority. 

It  may  justly  be  said  that  Hon.  John  A.  Dix,  ae  secretary  of 
state,  in  1836  laid  the  fonndaitlon  of  this  mu'seum  and  of  all  the 
Bcieotiflc  and  practical  results  which  have  accrued  from  the  in- 
auguration of  the  geological  surrej  of  the  state  of  New  York. 

At  the  time  of  the  final  arrangement  of  the  collections  of  the 
geological  surrey,  in  1843,  very  little  wa*  knowu  in  this  country 
regarding  museoins  of  natural  history,  and  no  true  appreciation 
of  what  such  an  institution  should  be,  existed,  except  in  the 
minds  of  a  few  persons.  It  i6  not  strange,  therefore,  that  there 
should  have  been  a  general  acquiesence  in  the  proposition  that 
the  collections  of  the  geological  survey  should  be  deposited  in 
the  old  State  hall  for  '  safe  keeping,'  and  the  idea  of  ccmstant 
and  steady  increase  toward  a  great  museum  of  natural  history 
was  scarcely,  if  at  all  {tromulgated.  The  collections  and  the 
rooms  that  they  occupied  were  placed  in  chaise  of  a  curator, 
Mr.  J.  W.  Taylor,  who  was  succeeded  by  Mr.  John  Gebhard,  Jr, 
and  he  in  turn  in  1857  by  Colonel  Jewett.  The  amall  annual 
appropriations  made  by  the  legislature  were  only  sufficient  for 
the  custody  and  very  moderate  increase  of  the  collection.  Mat- 
ters remained  in  this  condition  till  1865,  when  the  legislature 
passed  some  resolutionfl  tending  to  the  expansion  of  the  museum ; 
and,  following  these,  the  secretary  of  the  board  of  regents  ad- 
drewed  a  circular  letter  to  numerous  scientific  men,  professors 
and  teachers,  asking  suggestione  as  to  the  best  mode  of  patting 
in  force  the  objects  of  the  legislature  as  expressed  in  the  reeo- 
Intlons  referred  to. 

The  communications  in  reply  to  this  were  published  in  the 
19th  report  of  the  State  Cabinet,  together  with  a  recommenda- 
tion of  the  committee  of  the  regents  to  whom  the  subject  had 
been  referred.  This  recommendation  became  the  first  step  to- 
ward an  improved  condition,  and  a  recognition  of  the  necessity 
of  regarding  the  museum  iis  a  series  of  collections  in  natural 
aiirtory  which  were  to  be  increased  and  elaborated  in  every  de- 
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pertment.  In  1865  Ool.  Jewett  resigned  and  was  succeeded  b; 
James  Hall. 

The  discoTery  of  tbe  mastodon  skeleton  at  Ooboes,  in  the 
Biimmer  of  1866,  and  its  acquisition  by  the  State  Cabinet, attracted 
much  attention  toward  the  in'Stitution.  At  the  next  l^islatare 
successful  application  was  made  for  {5,000  to  purchase  the  Qould 
collection  of  shells  and  this  accession  of  60,000  specimenfl  repre- 
senting 6,000  species  was  generally  appreciated. 

The  new  capitol  commissioners,  wishing  information  as  to  the 
Bonrees  of  building  material,  engaged  the  curator  of  the  State 
Cabinet  to  make  a  reconnaissance  which  resulted  in  a  report  to 
(he  commissioners,  and  the  acquisition  to  the  State  Cabinet,  by 
this  and  other  means,  of  a  large  collection  of  marbles,  limestones, 
sandstones  and  granites  which  are  now  included  in  the  collection 
which  occupies  two  sides  of  tbe  entrance  hall  of  the  museum. 

At  first  the  State  Cabinet  received  no  regular  or  fixed  appro- 
priation of  money  from  tbe  legislature,  but  in  1870  a  law  was 
passed  organizing  the  same,  uuder  the  designation  of  the  State 
Museum  of  Natural  History,  and  appropriating  |10,000  annually 
to  provide  for  the  salaries  of  the  director  and  three  assistants, 
^ogether  with  the  expenses  of  increase  and  preeervatiou  of  the 
collections.  In  addition  to  this,  a  sum  was  annually  appropri- 
ated for  the  salary  of  a  botanist,  and  special  appropriaiti'(»is  have 
been  made  from  time  to  time. 

In  1881  a  state  entonM>l€gist  wae  appointed  and  in  1883  was 
made  a  member  of  the  museum  staff. 

The  present  appropriation  of  {12,000  is  quite  inadequate  to  the 
requirements  of  such  a  museum,  but  a  visible  and  substantial 
progress  is  made  in  each  of  the  departments,  as  shown  in  the 
increasing  order  and  the  additions  to  the  collections,  as  recorded 
in  the  annnal  mnseum  repeats. 

In  1889  the  State  Museum  was  made  an  int^ral  part  of 
the  University  of  the  State  of  New  York.  In  189i  the  present 
director  was  appointed.  Most  of  the  museum  remains  on 
the  fonr  fioora  of  Geological  hall  on  State  street,  at  the 
corner  of  Lodge.  Here  are  the  collections  in  mineralogy,  geol- 
ogy, palaeontology,  zoology  and  ethnology  and  the  ofBces  of  the 
director  and  his  assistants.    Tbe  state  geologist  and  paiaeontolo- 
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^at  and  bis  staff  have  tbeir  offices  in  State  hall  in  Eagle  street, 
and  the  entomologist  and  botanist  are  in  the  north  past  section 
of  the  fourth  floor  of  the  capitol.  The  State  Mnseum  in  addition 
to  its  work  of  collecting  mwterial  representative  of  the  natoral 
resonrces  of  the  state,  is  also  the  seat  of  the  geologic  and  nat- 
ural history  eoTvey  which  has  been  in  progress  since  1832,  and 
under  the  auspices  of  which  numerous  reports  have  been  pub- 
lished on  geology,  palaeontology,  zoology  and  botany.  The  ma- 
seum  is  open  to  the  public  from  9  a.  m.  till  5  p.  m.  daily  except 
on  Sundays  and  other  holidays. 

Inasmuch  as  the  State  Mneeum  comprises  all  scientific  work 
intrusted  to  the  regents  it  is  proper  to  mention  the  resurvey  of 
the  boundary  line  between  New  York  and  the  states  of  New 
Jersey  and  Pennsylvania.  This  was  done  in  accordance  with  res- 
olutions passed  by  the  legislature  in  1867  and  in  1875,  and  by 
the  laws  of  1880  the  boundary  lines  reanrveyed  and  monumentcd 
under  the  direotHKi  of  the  regents  were  accepted  as  the  true 
boundaries  <it  the  state. 
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174*  J  ot  Devonian  system.  168»,  165«; 
of  Jnrassic  period,  172*;  of  Lower 
Silarian  system,  150*;  of  Mesoznio 
time,  1701;  of  Tertiary  period,  175^; 
of  Triaasio  period,  171»,  173'. 

Flagstone,  15^,  IW,  186<. 

Flint,  173*. 

FluoTlte,  localities  prodDcing,  234*. 

Ford,  8.  W.,  geologic  studies,  142«. 

Formations,  geologic,  of  Neir  York, 
137-79 ;  trinity  of,  1S7». 

Fossil  OTes,  219»-20<. 

Fossils, hibliogra'phy, 240*;  dislDtcgrn- 
tion,  239*-40i;  early  mentiou  of, 
113'-14«;  of  Aoadiau  group,  143*;  in 
Disok  Kiver  limestone,  US°j  of  Cam- 
brian system,  143* ;  of  Carbonifetons 
system,  170' ;  in  Catekill  group,  ie5> ; 
in  Cauda  galli  grit,  IDQ';  in  Cbam- 
plain  valley  clays,  212*;  in  Clinton 
group,  153* ;  of  coal  measnres,  169i; 
of  DeTonian  system,  163';  of  Georgian 
group,  143* ;  In  Lover  Bilurian  sys- 
tem,  150° ;  in  Niagara  limeatone, 
301';  in  Oriskany  sandslone,  1S9'; 
in  PotHdnm  group,  142*;  of  Quater- 
nary system,  178*-79*;  of  Triassic 
system,  171*;  of  Upper  SUnrlan  sys- 
tem, 158*.    See  alte  Palaeontology. 


Fianklin  county,  aandstone,  145*. 
Freestone,  186>,  196*. 

Oabbro,  183". 

Qalenlte,  122* ;   localities  producing, 

332*. 
Oardean  shale,  164*. 
Oamet,  122«,  236*. 
Oebhard,  John,  Jr,  onratoi  of  museam, 

243*. 
Oeikie,    Sir    Archibald,    TM-itiok   of 

gtotogg,  237'. 
Genesee  river  falls,  164'. 
Genesee  rock,  16SM41. 
Genesee  valley,  salt  wells,  165*,  224*. 
Geologic   formations,  ol   New   York, 

137-79. 
Geologic  map  of  New  York,  337*. 
Geologic  serieB,  12S*,  136*. 
Geologic  strata,  tee  Strata. 
Geologic  lime,  clasaificatlou,  135-36 
Geology,  deBned,  US';   history  as  a 

science,     llSl-14';       beginning     of 

geologic     history,     114* ;      historic, 

12S*-27*.    See  alee  Dynamic  geology. 
Georgian  group,  143*-14<. 
Glacial  drift,  203M*. 
Glaciers,  176*. 
Glass  sand,  225<. 

Gneiss,  126*,  138",  18S",  205*;  constitu- 
ents, 122*;  eipoanres,  140'. 
Gold,  ore,  laaT;  mining  iu  New  York, 

231*. 
Qoniatite  limestone,  162*. 
Gould  collection  of  shells,  244>. 
Granite,  126*,  138*,   181*-83«,   204»-5>, 

205*;  constituents,  121*,  132*. 
Granitic  rocks,  181*-84*. 
Orapbito,  122',  224*. 
Qravol,  120*,  135* ;  as  road  metal,  308*. 
Greene    county,      lower     Holdeiberg 

group,  157*. 
Groups,  136*. 
Otiide  to  geology  of  Ifew  York  a»d  to  the 

ttate  gtoUtgieal  oaMaal,  by   Ledyard 

Lincklaen,  109*-I0*. 
Gypaom,  las',  126*,  155',  224*. 
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Halite,  tte  Rock  salt. 

Hall,  JaiDM,  BtHtemeuts  quoted,  110< ; 
acknoivledfjeinent  to,  111*;  fceologic 
reports,  236< ;  geologist,  24 1" ;  corator 


o( 


2441. 


Hamilton  gwup,  163«-64i,  191S-92'; 
sbale,  163>. 

Haventraw  stone,  195». 

Heiderberg  rocks,  15S'-5S^. 

Hemalite,  122',  219'. 

Highlands,  formation,  1245,  139",  139«, 
140' ;  magnetic  iron  ores,  21GS-18». 

Historic  geology,  126'-27». 

Hornblende,  121«,  135i,  182*,  204»-6'. 

Hiirnstone,  173^. 

"  HoraoB,"  217'. 

HndsoD  TiTor,  oarbooate  ores,  221*-22<. 

HndsOD  river  blueatoue,  192*. 

Hndaon  river  sandatoiie,  188*. 

HudaoD  river  groop,  Ug^-SO*. 

Hudson  valley,  clnjs,  210«-11', 

Haut,T.  8,  quoted,  1I7«. 

Hydraulic  oemoDl,  166*. 

Hyilroniiua  acbist,  1261. 

Hypewtliene,  122i,  1251- 

Ice  ago,  176*-77s. 

IgaeooB  rooks,  123^,  124>-25*,  constitu- 
ents, 122*. 

lUuininatlog  itas,  227*. 

IafDsori.iI  eartb,  226*. 

Iron  ago,  179^. 

IiOD  ores,  214*-22*;  localities  produc- 
ing, 231*. 

Jefferson  oonnty,  sandstone,  145* ; 
Black  river  limestone,  Its';  hema- 
tite, 219*. 

Jenett,  Ezekiel,  cnrator  of  mnscnm, 
243*;  tesi^iuation,  244>. 

Jarnssio  system,  172*-73»;  life  of,  172«- 
73*. 

Kaolin  deposits,  213*. 

Kaolinite,  120'. 

Kemp,  J.  t\,  (itology  of  Moriak  and 
WutpOTi  townihipi,  214*. 

Kittatinny  monntaiDS,  formation,  151'. 


Labrador!  te,  121*. 

Lake  ChamplalD,  iron  ores,  2ief-19*, 

Lake  Mobonk,  on  Shanaogank  grit, 
151« 

Lakes  of  central  New  York,  161'. 

Lnpwortb, ,  geologic  studies,  146*. 

Laramie  gronp,  174*. 

Lanrentian  rocks  of  Canada,  138^. 

Lead  ore,  122'';  localities  prodnciog, 
2S2«. 

Lentioular  iron  ores.  219*. 

Lewis  connty,  Potsdam  sandstone 
eipOBures,  1461  ■  Sudson  river  group, 
I49«. 

LigDite,  localities  producing,  235*. 

Lime  and  cement,  222*. 

Limestone,  125',  127',  196>-203>;  con- 
slitnenls,  121>,  194«-96°;  of  Acndinn 
gronp,  144';  at  Adirondncks,  142*; 
of  Dutchess  county,  113*^  of  lower 
Silurian  system,  146«-49>;  Trenton 
group,  147';  of  upper  Hplilerberg 
gronp,  ]68*-60>;  of  npper  Silurian 
system,  1531-58) ;  of  WsBliinRton 
ooaDty,  143'.  St»  alto  Crystnlline 
limestone;  Msgnesian  limestone; 
Tully  limestone ;  Upper  Helderberg 
limeslone. 

LlmoDites,  32a'-2lK 

Liuoklaon,  Ledyard,  Guide  to  gtologg 
of  Neie  Tort  and  to  the  stata  gaologieal 
cabinet,  109«-10*. 

Lithologj,  manual  of,  120'. 

Littlefalls,  Archasan  rocks,  138*-39>; 
pre-Cumbri an  rocks,  141';  calciferons 
saodrM'k,  147'. 

Long  Island,  terminul  moraine,  176*, 
203*. 

Long  Island  clfiys,  212*. 

Longmeadow  sandstone,  IBS*. 

Lower  Helderbcrg  gronp,  157*-68'. 

Lower  Helderberg  limestones,  201*. 

Lower  PentameruB  limestone,  157^. 

Lower  Silurian  system,  1S8>,  It6*-Mn; 
lite  of,  160=. 

LQdlowville  sbale,  163*. 
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Lyell.  SirCbkiles,  PriimplM  efgrntlogy, 
113^,  237*;  divisba  of  Earopeftn  Tw 
tiarj,  174*. 

Mac  Farlane,  JamM,  GtoXogUaX  rail- 
imjr  gttid«,  337^. 

Hagneeio-iroD  ellioaUs,  120*,  121*. 

HagneBian  limeatODe,  1201,  206*. 

Uagneiite,  looalitiea  prodaciog,  234", 

Hagnetia  iron  ores,  316>-19i. 

Magnetite,  1231. 

Mammals,  of  Heaozoio  time,  170^;  of 
Jurawio  period,  172* ;  of  Cretaoeons 
period,  174* ;  of  Tertiary  period,  175'. 

Man,  age  of,  ITS*. 

Haogaueae,  localities  prodnoing,  233*. 

Marble,  144*.  197*-98>. 

Marcelliu  aliale,  162*,  101*. 

Marl,  223*. 

Massive  rooks,  les  Igaeoua  rocks. 

Maatodou,  178*;  Cohoes,  2441. 

Matlier,  W.  W.,  statements  quoted, 
110*;  geologic  reports,  236*;  geolo- 
gist, 241*. 

Hanch  Chnnk  group,  166*-67i. 

Meohaaioal  rucks,  13G*. 

Medina  undstone,  152< ;  189^-90*. 

Mesozoic  time,  135'',  lT0*-74^. 

Metallic  minerals,  231*. 

Hetomorphic  rocks,  123*,  126*-26*. 

Uioa,  123>;  locBlitles  producing,  234*. 


1261. 


MioTooline,  121'. 

Miller,   B.   A.,  Sort\  Amerioan  geology 

and  paltontologs,  240*. 
Hillerite,  localities  prodnelng,  233*. 
Millstones,  223". 
Mineral  paint,  222*. 
Mineral  waters,  229*~30. 
Miaeraliq^,  manual  of,  120*. 
Minerals,  defined,  119*;  oUsslQeation, 

1201-22*;  number  of   species,   120*; 

commeroially    noimportant,  231)-34. 
Miocene,  174*. 
Mobawk  valley,  pre-Cabmrian  rocks, 

141>;    Birdseye  limestone,  147*-48*; 

Trenton    limestone,     149* ;     Hudson 

river  groDp,  149*. 


Molding  tand,  225'. 

HolybdeDnm,  localities  prodnclng,  233*. 

Moscow  abale,  163*. 

Mt  Marcy,  124»,  141i. 

Mt  Wbiteface,  124*. 

Hud  stone,  127*. 

Uurc  bison,     Sir     Boderiok,    geologic 

studies,  146*,  156*. 
Muscovite,  122*;  localities  prodaoing, 

234*. 

Natural  gos,  228*. 

Natural  history  survey  of  New  York, 
240*-4:{*  ;  scientific  staff,  241'. 

Nebular  bypotbesis,  llCi-16*. 

New  York  oity,  rocks,  140*,  ISO*. 

New  York  state  geologic  formation, 
137-79;  present  inrface,  17fl*-80*. 

Newberry,  Dr.  J:  6.,  acknoivledgnieat 
to,  111*. 

Niagara  cataract,  bow  piodnced,  154i, 

Niagara  county,  bydraulio  cement, 
156*. 

Niagara  group,  1S31-64''. 

Niagara  limestone,  201*. 

Niagara  river,  Medina  sandstone,  152*. 

Nickel,  localities  producing,  233*. 

Non-metallic  mioeraU,  localitiea  pro- 
ducing, 23S'-34». 

Norite,  125*,  138*,  1411,  ig3«. 

Nyack  stone,  196*. 


Officers  of  etate  m 

Oleao  oonglomeiate,  167*. 

Oligoclaae,  121*. 

Olivine,  122*,  126*. 

Oneida  conglomerate,  151*,  189i. 

Oneida  county,   Hudson  river  group, 

149*. 
Oueonta  saodatoue,  193*. 
OuoDduga    county,     waterlime,    156* ; 

limestoue,  162'. 
Onondaga  limesCoDe,  160*,  202*. 
Onondaga  salt  group,  lM*-50*. 
Oolitic  ore,  219*. 
Orange  county,  caleiferona  limestone, 

147'. 
Orange  mountains,  formatiOD,  171*. 
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Ordovieiftn  sjiitem,  *m  Lofrei  Silurian 

OrgMtio  rocks,  125^. 

Oriskan;  skodittoDC,  157*,  159i,  1911. 

OrletmsoOQDt;,  hydraulic  cement,  156*. 

OrthoolSM,  1211, 12C1. 

Osn«go  coDDty,  HndHOo   river  groap, 

119*. 
Oatoropa,  338M9<. 
Oysters,  ITS' ;  of  Tertiiiry  period,  175^. 

Packud,  A.  S.,  Firil  Jutont  inioology, 

extract  from,  132. 
Palaeontology,  129)-30*.    .5m  abto  Foa- 

Palaeozoic  aeriaa,  HV~7V;  outcropti 
in  New  York,  UV.  312M3*. 

Palaeozoic  time,  135*. 

P&liBades,  igneous  rocks,  124*,  140*, 
171'j  tiUp-rocks,  181S  204*. 

Peat,  3271. 

Fentameroa  limeatones,  201*. 

PeiiodH,  1361. 

Permian  formation,  169^-70'. 

Petrified  wood,  1791. 

Petroleum,  227*. 

Phosphate  of  lime,  local! tiea  producing, 
233». 

Photographs,  110»-lli. 

Physiography  of  New  York,  1341.35*. 

Plagioclase,  121>-12ai. 

PlantR,  classification,  1331  ■  ilevelop- 
ment,  U2i,  169* ;  of  CamLrian  sya- 
lem,  14B';  of  Carbooiferone  system, 
170*;  of  DoTODisD  Bystem,  165*;  of 
Mesoioie  time.  170';  of  Tartiary 
period,  175^;  of  Upper  Silurian  sys- 
tem, 1S8<. 

Pliocene,  174*. 

Plutonic  rocks,  124<,  125^,  139:. 

Pocono  groap,  U6*. 

Porphyry,  126*. 

Portage  group,  164*,  193*. 

Potsdam  group,  142*,  li4M5*. 

PoUdam  sandstone,  144^5*,  1S7*-8S>. 

Potter's  clsy,  120^. 


Pottery,  manufacture  of,  174*. 
Pottaville,  canclouterste,  167M9*. 
Precious  nietal»,  im  Gold;  Silver. 
Froterozuic  series,  141*. 
ProteroEOio  time,  136*. 
Putnam,   B.  F.,  article  on  iron  ores, 

S14*. 
Putnam  coaoty,  Dakiferoae  limestone, 

147*. 
Pyrite,  localities  producing,  331*. 
Pyroxene,  121'',  121>,  182«. 
Pytbagorat,     geoiogio     observations, 

US'. 

Quarti,  120*.  120*,  125«,  224'. 
Quartiite,  120",  143*. 
Quaternary  system,  175^79*;  fossiteor, 
178'--79*. 

Red  sandstone,  171',  1951. 

Keindeer,  fossil,  178*. 

Beusselaer  county,  rocki),  143' ;  foHsils, 
143* ;  roofing  slate,  144'. 

Reussolaer  plateau,  1&1*-52l. 

Reptiles,  of  Carboniferous  system, 
170*;  of  CreUetous  period,  174*;  of 
Jurassic  perioil.  172*;  of  Mosozoic 
lime,  170";  of  T.  rliary  period,  176*; 
of  Tciassic  period,  172'. 

Rbyolite,  125*. 

Ries,  Dr.  Heiurich,  photographs  by, 
110*. 

RoadmeUI,  159*,  164',  191*,  204*-8>; 
(|oarrieB,  204'-5';  requisite  qualities, 
207'. 

Rock  cities,  1S7". 

Rock  salt,  122T,  125'. 

Rockland  county,  caluifecons  lime- 
stone, 147*. 

Rocks,  123i'36«ldetiued,  US'.  SteaUo 
Igneous  rocks ;  Metamorpbic  rocks; 
Sedimentary  rocks. 

Roofing  slate,  1261,  113a   143*-44i,  1981. 

Rosenbnsch  classiS cation,  124'-S&*. 

Rossie  liematit«B,31.9*. 

Rubies,  IW. 
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St  Lawrence  ooanty,  Boodstone,  146*; 
hem&Cile,  219*. 

Salms  ETOup,  lOi^Sffi. 

Salt,  22S*. 

Salt'sprloga,  155*. 

Sand,  120°,  126*. 

Sandrook,  143*. 

Saadstone,  125<,  12T>,  171*,  ieG>-9G*; 
composition,  120*;  as  road  metal, 
205* ;  of  Cambiian  Bjatem,  143*,  143^ ; 
HndAon  river  gronp,  US';  Maaoh 
Chnnk  gronp,  166*;  of  Pooonoage, 
166'^.  ^waltoClinton  group;  Medina 
aandstone;  Orinkanj  sandatone; 
Potsdam  sandstone;  Bed  sandstone. 

Sapphires,  122*. 

Saratoga  connty,  limestone,  142*. 

Sabist,I26i. 

Sohoharie  coniit;,  totrer  Helderberg 
group,  167^. 

Schoharie  grit,  159»-60»,  191<. 

Scutella  limestone,  157*. 

Sea  weeds,  146S,  150*,  I5B). 

Sedgwick,  Adam,  geolof^csludJeH,  142*. 

SeilimeDtary  rocke,  123*,  125>,  126'-27*. 

Seneca  limestones,  202*. 

Seneca  oil,  227*. 

Septarla,  164*. 

Sericite,  122*. 

Series,  (w  Oeologie  series. 

Serpentiue,  141*,  219*,  221*;  compo- 
sition, 122°;  localities  producing, 
234*. 

Shale,  125°,  127*,  214i;  constitnents, 
120* ;  of  Cambrian  system,  1431,  1131 ; 
of  Hndsou  river  gronp,  149*;  Manch 
Chunk  gronp,  166* ;  Portage  groap, 
164*;  as  road  metal,  208';  of  Opper 
Silarian  ajstem,  1531-561.  See  alio 
Hamilton  shale ;  Marcellus  nbale. 

Shawaogunk  grit,  151'. 

Shavangiiuk  mountain,  Oneida  eoD- 
glouierate,  189i. 

SiluriftD  syatem,  origin  of  term,  146*. 
5m  al»e  Lower  Silurian  system; 
Upper  Silurian  system. 


Silver,  ore,  132^ ;  miaing  In  Hew  Tork, 

231*. 
Slates,  126*,  1431, 143T,  ua*,  163*,  196'. 

Ste  aI*o  Hoofing  slate. 
Smock,  J.  C,  bulletin  on  iron  Ot«s,  214*. 
Soda  aah,  224*. 

Spstbio  iron  ore,  133^,  221*-S3*. 
Spirophyton  Cauda  galli,  IBS'. 
Sprakere,  pre-Cambrian  roeka,  141*. 
SUfFord  limestone,  163i. 
Stages.  136*. 
SUlactitPs,  aCP. 
State   mosenm,     origiD,     240*,   243*; 

quarters,  242*,    244*-46*;    orgauiss- 

tion,  244*j  offleers,  246. 
Staten  Island,  clays,  213';  limonites, 

321*. 
Stanrolite,  122«. 
Stissing  mountain,     Arebaean    rooks, 

140*;    quartxite,   143*;    marble  and 

limestone,  144*. 
Stockbrldge,  limestone,  144*. 
Stone  age,  179*. 
Storm  King,  134*. 
Strata,  thickness,  126* ;    olassiQcation, 

13^-36,238*. 
Sulphnr,  localities  producing,  331*. 
Survey  of  New  York,  240*-43*. 
Syenite,  13S*. 
Synopses,  lee  Table*. 
Syracuse,  suit  springs,  IBS*,  323*. 
S.vstenis,  defined,  136*. 

Tables,  classiflcation  of  animal  life, 
131'-32*;  claHsiScatioD  of  geologic 
time  and  strata,  135*-36*;  elaasiflea- 
tion  of  plant  life,  133;  geologic 
tormstloDB  of  New  York,  137*-38'; 
iron  ores,  2161;  Roseubuseh  classifi- 
cation,    1261 ;     sedimentary    roolcs, 


Taoonic  rocks,  150^. 
Talc,  237*. 
Talcose  schist,  126'. 
Taylor,   J.  W.,  curator  of 
243*. 
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TentMDlite  touila,  15Tt-58i. 
Tentaoulite  Umesh)DW,  20If. 
Tonntnal  moniinu,  176«,  20S«. 
Tertiftry  Bystem,  174«-75' ;  life  of,  175*. 
Text-booka  on  geology,  236'-38». 
Time,  (m  Oeologio  time. 
Tom  moimUin,  ISI*. 
Toiray,  John,  botaniat,  241*. 
Trachyte,  125». 

Trap,  139»,  141^,  184*,  204«,  205». 
Trovertine,  120';  localities  producing, 

234*. 
Trenolite.  121». 
Treuton  group,  147M9*. 
Treeton      limeitone,     147>,     14SM9>, 

2001-11. 
Trisasiu  formation,  1951. 
TriMBic  ByBtem,  17li-72a;  life  of,  1721. 
ToffB,  126». 
Tully  limeatone,  163*,  202^1, 


Uliter  connty,  spathic  iron  ore,  231*- 

22*. 
Uppei  Devoniftn  rocks,  160*-fi2^. 
Upper  Helderlierg  limestoue,  160*,  3021. 
Upper  Silurian  Bystem,  1361,  I5tfi-5S*; 

life  of,  1581. 
miokalate,  11»<. 


Van   ReQaselaer,   Stephen,   patron  or 

ftrit  Borvey,  241*. 
Vauaitim,  Larduer,  etatementt  qooted, 

110*;    geologic  report,  236*;    geolo- 

list,  24l». 
Vegetable  life,  133i. 
Vinoi,  Leonaido  da,  geologic  obserra- 

tions,  1141. 
Tolcanio  roeke,  124<,  1361. 

Walcott,  C.  D.,  BnlhH*  of  tS*  U.  S. 
gtologieal  turtes  no.  Sr,  llC;  geo- 
logic Btudiea,  142*. 

Warsaw,  salt  wells,  ISS^. 

WoBhington  connty,  limestone,  142^; 
rocka,  143*;  quartzite,  143^;  roofing 
slitte,  143M41;  Cambrian  fonua- 
tiuna,  146>. 

Water,  geologic  change!)  produced  by, 
128*.  179",  239». 

Waterlime,  15e>,  201^ 

Westchester  connty,  Archaean  gneiss, 
140^;  caloiferone  liinestane,  147*; 
rocka,  150*. 


geologic  obaervationB, 


Xenophnnea, 

US'. 
Zinc,  localities  prodnoing,  233*. 
Zircon,  122<. 
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I.    Onuiite  Dyke  in  HudsoD  River  Schist,  South  Side  of  192d  St.. 

New  York  City 124 

II.    ^{neoii*  Graoite  on  Lower  Silariftn  Limestooe,  192d  St.,  New 

York  City 124 

ni.    Exposure  of  Serpentine  Hock,  Hoboken,  N.  J.    Derived  iVom 

the  Chemi»l  Alteration  of  an  Igneous  Rook 124 

IV.    PaliMtdsB  of  the  Hndaon  River.    Seen  from  Haatings,  West- 
cheater  coanty.      Ttiasaio  Diab&se  Overlying   Sandstone 

Which  is  Concealed  bj  the  Tains 124 

LXXXVII.     FallBBdes  of  the  Hndson  River,  from  Fort  Lee,  N.  J.;  View 

Northward  Along  the 172 

LXXXVIII.    Paliaadesof  the  Hndaon,  The;  View  Norltaward  from  Bngle- 

wood  ClifTa,  N.  J 172 

LXXXIX.    Triaaaio  Diabase  Exposed  in  a  Cat  for  the  Orange  Hoantain 

Cable  Road,  Orange,  N.  J 173 

XC.    Triaasio  Sandatone,  Contact  ot  Trap  and  Underlyinf;;  aonlh 

end  of  Lane's  Quarry,  Fort  Lee,  Bergen  county.  N.  J 172 

Archaean  or  Precambrian. 

V.     Preeambrian  Oneiaa,  Mobawk  Valley  at  Littlefalla,  Herkimer 

coimtj 138 

VI.    FrecambTian.    Folda  in  Fordham  Onoiss,  north  side  of  138th 

street,  east  of  7th  avenue,  New  York  oity 140 

VII.    Precambrian.    View  from  PeekskiU.    Highlands  of  the  Hnd- 

son 140 

VIII.     Precambrian.      Anthony's    Noae    and   Maniton     Monutain. 

Highlands  of  the  Hudson 110 

IX.    Precambrian.     Crow  Neat  and  Storm  King.     Highlands  of 

the  Hudson 1*0 

X.    Precambrian.    View  of  the  Highlands  of  the  Hudson  and 
Sugar   Loaf    Monntaiu,   from    Ft.   Montgomery,   Orange 

connty -.- 140 

XI,    Precambrian  Granite.    Breakneck  Mountain,  seen  from  the 

Shore  Opposite  Cold  Spring,  Putnam  county 140 

XII.    Precambrian  and  Lower  Silnriao.    Fiafakill  Mountain,  seen 

from  Cornwall,  Orange  aonnty 1(0 
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XIII.     Precsiubrian  Gneiss,  QorKe  of  tlie  Hndson  River,  Lazeme, 

Warren  county,  And  Hadley,  Santoga  county 140 

XIY.    Prec&mbriui    Rocks,    Adirondaol.    Hoantaine,    AvalMioha 

Lake,  XShsx  connty MO 

XV.     Precambrian  RockK,  North  End  of  WillBboro  Tnnne],  abore  of 

Lake  Champlain,  Essex  county . 140 

XVI.    Fiwambrjan   Harble,  E.  E.  8t«veD«'  QnArry,  three   miles 

■onth  of  Canton,  St.  Lawrence  oonnty 140 

XVn.    Preoambrisn,  Empire  Harble  Co.'s  Quarry,  near  OonTeraear, 

St.  Lawrence  coanty 140 

XIX.     Precan\brian  QnelSB,  Dodge   Farm,  Macomb,  St.  Lawrence 

connty.  Potsdam  Sandstone  Basting  nnconformablynpon,      144 
XX.     Praeambrian  Gneiss,  Hudson  Biver,  near  Jessnp's  Landing, 
Saratoga  connty.  Potsdam  Sandstone  Reeting  Dnconform- 

ably  on 144 

XXIV.    Preeambrian    Crystalline    Rooks,    MosherriUe,    Saratoga 

connty,  Potsdam  Conglomerate  on 144 

XXV.     Preeambrian  Ctystallino  Schists,  West  Shore  B.  B.    Cntting, 
one  mile  west  of  Downing  Station,  Montgomery  county. 

Calcifcrons  sandnick  Besting  on 146 

CV.     Preeambrian.   Oraoite  Qnarry,  Bonnd  Island,  near  Peokskill, 

Westchester  county ■ Iffi 

CVIII.    Preeambrian,  Interior  of  Northern  New  York  Marble  Co.'s 

Qnarry,  near  Gktuvemenr,  St.  Lawrenee  coanty 198 

Cambrian. 

XVni.    Potsdam  Sandstone,  Qnarry  of  Merritt  Vk  Tappan,  three 

miles  south  of  Potsdam,  St.  Lawrence  county 144 

XIX,    Potsdam  SandatAne,  Resting  Unconformably  npon  Preeam- 
brian Oneiss,  Dodge  Farm.  Haoomb,  St.  Lawrence  connty,      144 
XX.    Potadam  Sandstone  Besting  Unconformably  on  Preeambrian 
Oneiss,  Hudson  Biver,  near  Jeeaap's  Landing,  Saratoga 

county 144 

XXI.    Potedam   Sandstone.      Hell  Gate,  Ansable  Chasm,  Clinton 

connty 144 

XXII.    Potsdam  Sandstone,  Grand  Flnme,  Ausable  Chasm,  Clintou 

connty 144 

XXIII.  Potsdam  Conglomerate,  Mosberrille,  Saratoga  connty .  Glaci- 

ated Surface  of 144 

XXIV.  Potsdam  Conglomerate  on  Preeambrian  Cryatalline  Bocks, 

Hosherville,  Saratoga  county 144 

CVI.    Potsdam  Sandstone,  Clarkson's  Quarry,  three  miles  south  of 

Potedam,  St.  Lawrence  county 188 
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Lower  Silurian. 

XXV.    CalciferoUB  Bftadnrak  Bestiiig  □□  Fiecamlirian  Crystalline 
ScbUts,  Weat  Shore  R.  R.  catting,  one  mile  west  of  Dowd- 

iiiug  Station,  Moutgomerf  ooniity 146 

XXVI.     Calciferoiui  Saudrook,  Eaat  Canada  CTeelCt  Herkimer ooauty, 

OHO  mile  above  its  mouth 146 

XXVII.    CaloiferouB  SuKlroch,  Eaat  Canada  Creek,  tno  milea  above 

its  month,  Herkimer  county ...       146 

XXXIV.     CftlciferouM  Sandroek,  Ulica  Sbale  aud  Trenton  Limestone, 

Canajoharie,  Montgomery  eoanty 118 

XXVIII.     CaloiTeronB- Trenton  Limestone,  Plain  at;  view  of  In  wood, 

Hanbattan  Island 146 

XXIX.    Caldferoiis-TrentoQ,  Metamorphosed ;   Marble  Quarry,  Stag 

Sing,  Weatchester  county 146 

XXXIX.  Calciterous-Trenton  Limestone,  Metamorphosed  Mndsou 
River  Miea  Schist  Overlying Semi-cryHtnlliue;  Verplauck's 

Point,  WestchBHter  county 150 

CVU.     CaloiferoDB-Trenton    Limestone,     Metamorphosed;    Marble 

Quarry,  Tnekaboe,  Weatchaster  county 198 

CIX.    Caloiferona-TrentoD  Limestone,  Metamorpboseil ;  Limestouo 

(juurry,  Tomkins  Cove,  Rockland  eouuty 306 

XXX.    Trenton   Limestone,  Glens   Falls   on    the   Hudson  River, 

Saratoga  and  Warren  counties U8 

XXXI.     Trenton  LImestoue,  Upper    Gorge,  Trenton   Falls,  Oueida 

county 148 

XXXII.     Ttenton    Limestone,    Prinoipal    Cascade,    Trenton     Falls, 

Oueida  county 148 

XXXIIL    Trenton  Limestone,  Spencer  Fall,  Trenton  Palis,  Oneida 

conuty 148 

CXIV.    Trenton  Limestone,  Quarry  in,  Saratoga  county,  sonlh  hank 

of  Hudson  River  opposite  Glens  Falls 222 

XXXIV,    Trenton  Limestone,  Utica  Shale  and  Calciferons  Snudrock, 

Canajobarie,  Montgomery  county 148 

XXXV.  UUoa  Shale,  Gorge  in  the;  fionlb  of  Cansjabarie,  Montgom- 
ery county 150 

XXXVI.    Hudson  River  Grunp,  Fold  in  Sandstone  «f  tb«;    Catskill 

Creek,  Greene  connty 160 

XXXVII.     Hudson  River  Shale  in  Railroad  Cutting ;  Kenwood,  Albauy 

county.    Dip  Vertical 150 

XXXVIIl.    Hudson  River  Scbist,  with   Pegmatite  Veins,  Crumpled ; 
opposite  130th  street,  on  west  side  of  St.  Nicholaa  avenue, 

New  York  city IBO 

XXXIX.  Hudson  River  Mica  Scbist  Overlyiug  Semicryslatline 
Catciferous-Treniou  Limestone,  Metamorpbosed ;  Vbt- 
planck's  Point,  Westchester  county lliO 
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XL.    Hudson  River  Shale,  Oneida  Conglomeiate  Beating  on; 
easteni  face  of  SbuwaDgnnk  MnuDtain,  two  loilM  lonth 

of  Lake  Molionk,  Ulster  county 164 

I.     Hudson  Biver  Suhist,  Granite  Dfke  in;    sontb  aide  of  I92d 

street,  New  York  city 124 

II.     Lower   Siludan    Limestooe,  193d    street.  New   York   city. 

Igneous  Granite  on 121 

XII.    Lower  Silurian,  Frecaiabrian  and,  Fishkill  UoDDtain.    Seen 

from  Cornwall,  Orange  county 140 

XXVIII.    Hudson  Biver  Scbiet,  Hills  of;  View  of  Inwood,  Manhattan 

Island 146 

XXXIV.    Utiea  Shale,  Trenlon  Limeslooe  and  Caleiferona  Saadrook, 

Cansjobarie,  Hon tKoiner;  county 148 


Upper  Silurian. 

XL.  Oneida  Cuuglomerate  Besting  on  Hudbon  Biver  Shale ; 
Eanlera  Face  of  Shaw&ugonk  Hotintein,  two  miles  aoutb 

ofLakeMohonk,  Ulster  county 152 

XLI,     Shawsngunk    Grit,   Cliffs  of;    on  the  West  Shore  of  Lake 

Mohouk,   Ulster  oonuty 152 

XLIL     Shawangnnk  Grit,  Awosting  Falls  over;  Peterkill,  near  Lake 

Mtttoewasko,  Ulster  county,  Oneida  Conglomerate l&S 

XLIII.    Niagara  Gorge  near  Lewiston,  Medina  group 152 

XLIV.    Niagara  Biver  Gorge,  sonthof  Lewiston,  Niagara  oounty.,..       153 
XLV.     MedinaSundstone;  Beaeb  Markings  and  Seaweed  (Arthro- 

phycus  barlani)  oo l.'>2 

XLVI.    Medina  Sandstone;  Beach  Markings  on;  Lockport,  Niagara 

county , 162 

XLVII.    Medina  Grey  Sandstone,  Falls  over ;  near  Lockport,  Niagara 

county 152 

XLVIII.     Medina  Grey  Sandstone,  near  Lockport,  Niagara  county 152 

XLIX.    Medina  and  Clinton  Groups;    Lower  Falls  of  tba  Genesee 

River,  Monroe  county,  over  tbo  Orey  Medina  Sandstone..       152 
L-    Medina,  Clinton  and  Niagara  Gronpa;  Gorge  of  the  Genesee 

Biver,  Monroe  county,  below  the  Lower  Falls 152 

LI.     MediDft  auil  Clinton  Gronpa;   Gorge  of  the  Genesee  River, 

Monroe  county,  below  the  Lower  Falls 152 

LII.    Niagara  Biver  Gorge,  below  Devil's  Hole,  Niagara  county. 

Now  York  Central  B.  E.  cot 164 

LIII.     Ni^ara   Biver  Gorge,   south  of  LenistDU,  Niagara  county. 

New  York  Central  B.  B  cut 154 

LIV.  Niagara  River  Gorge,  Wall  of  the ;  American  side.  View 
from  Foster's  Ftals,  one  and  one-halt  miles  north  of  Sus- 
pension Bridge . 164 
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LT.    Nisgnn  QoTgt  belov  tbe  SnipAnaloii  Bridge,  NUgan  coaoty. 

View  from  tbe  CUuidlBn  aide IM 

LVI.    Ntagftt*  Oronpt,  Hrdlno,  Cllntoii  ftnd ;  NliLgara  River  Qorge 

from  the  SiupenstoD  Bridge,  looUng  noclli 154 

LVII.    Ontlet  of  the  Whirlpool,  Niagara  Biver,  Niftgar*  ooantj. 

View  Dortbwaid  from  tbe  CKnidlau  ebore IM 

LVni.    Niagar*  Orotip,  Upper  Fatli  of  the  Geneaee  Biver,  Roebester, 

Monroe  oonotf IM 

LIS.    Hlagata  Qroap,  Gorge  of  tbe  Oenesee  River  below  tlie  Upper 

Fallf,  Rochester,  Monroe  conn  tj 164 

LX.    Niagara  Bivpr,  Niagara  eonntj.    View  from  blnff  near  Lewis- 
ton,  looking  north 164 

LXI.    Upper  Bllariaii  Roeki  in  road  oat  near  Howe's  Cave,  Scho- 
harie eonntj 164 

LXII.    Clinton  and  Salina  Otonpa  in  West  Bank  of  Rondont  Creek, 

High  Falla,  Ulster  count? 154 

LXm.  Clinton  Beds  at  High  Fells,  Ulster  ooaniy,  Aroh  in  Salina  and  154 
LXIV.  Qaany  of  theCnmoiingsCeniPiitCo.,  Akron, Erie coant.v...  166 
LXV.    Wateilime  Qronp,  Old  Mine  of  the  Newark  Cement  Co., 

Bondont,  Ulster  connty 156 

LXTI.    Waterlinie  Oroop,  Ubiter  county;  High  Falls  of  Rondont 

Creek,  over  Cement  Beds  of  tbe 166 

LXVU.    Helderberg  Escarpment,  West  HonntiLlD,  Schoharie,  from  a 

photograph  by  N.  H.  Darton 168 

LXVIII.    Lower  Helderberg  Limestone,  Sink  in  tbe;  west  of  Cox- 

■aekie,  Greene  connty 168 

LXIX.  Lower  Helderbei^  Limestone,  interior  of  Howe's  Cave, 
Seboharie  ooanty,  showing  Subterranean  Stream,  Stalac- 
tites, etc 168 

LXX.    Lower  Pentamems  Limestone.  Cliff  of;  near  Indian  Ladder, 

Albany  eonnty .      168 

ex.    Lower  Helderberg  Limestone,  Quarry  In  tbe ;  South  Bethle- 
hem, Albany  eonnty 206 

CXV.    Wnterlime  Group,  Interior  View  of  Cement  Mine  at  Bosen- 

dale,  Ulster  connly 223 

CXVI.  Waterlime  Group,  Cement  Q  a  arriea,  one  milesoutb  of  White- 
port,  Ulster  eonnty 222 

CXVIL    Buffalo  Cement  Co.,  Bnffalo,  Erie  connty,  (Jnany  of  the ....      232 
CXVIU.    Lower  Pentanenu  and  Tentaculite  Limestone,  Quarry  in; 

Howe's  Cave,  Schohiuie  count; 323 

CXVUL    Ten tacnlite  Limestone,  Qaairy  in  Loner  Pen tamems  and; 

Howe's  Cave,  Sohobarie  oounty 323 

CXIX.    Quarries  of  the  Buffalo  Cemeut  Co.,  Buffalo,  Erie  eonnty 333 
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Devonian. 

LXXI.    Corniferous  Ldmestone,  Cajnga Creek, BelleTDe,Eri«ooiuity. 

The  iurfftce  shoirs  the  dissoMofc  action  of  water., 160 

LXXII.    Marcellns  and  Hamilton  Bbalea,AthoISprinKB,  Shore  of  Lake 

Erie,  Erie  county 162 

LXXIII.    Devonian  Shales,  Cliff  of;   Shore  of  Iiake  Erie,  hmt  Bay 

'  Tiew,  Erie  ooaaty 162 

LXXIV.    Devonian  Shales,  Exposure  of;    Gorge  of  Eighteen  Ulle 

.  Creek,  Erie  eonnty 168 

LXXV.    Upper  Devoniao  Books,  Gorge  of  Eighteen  Uile  Creek,  near 

Lake  Tiew,  ErieConnty 182 

LXXVI.    Hamiltoa  Shales,  Shore  ofLake  Erie,  at  the  Mouth  of  Eigh- 
teen Hile  Creek,  Erie  county 182 

LXXVU.    Devonian  Bocks,  Wsnakah.    Shore  of  Lake  Erie,  Brie  county      162 
LXXTIJI.    Devonjnn  Strata,  Honk  Falls,  near  Kapanock,  Ulater  oounl'y      IG2 
LXXIX.    Devonian  Shales,  Eroded ;  Shore  of  Lake  Erie,  Mogtb  of  Pike 

Creek,  near  Derby,  Erie  coonty :..      1C4 

LXXX.    Portage  Shales,  Hamilton  and ;  ShoK  of  Lake  Erie,  Month  of 

Pike  Creek,  near  Derby,  Erie  coooty 164 

LXSLXL    Lower  Portage  Shales.    Triphammer  Falls,  Itbaoa,Tompkina 

oonnty , 164 

LXXXIL    Portage  Group,  Black  Shales,  Pike  Creek,  near  West  Palls, 

Erie  coDnty 164 

LXXXni.    PoriAge  Oronp,  Shore  of  Lake  Brie;  Clay  Iron  Stone  Con- 
cretions        164 

LXXX  IV.    Wittemberg  Bange,  View  of  the;  Soothem  Catskills,  from  a 
point  one-half  mile  east  of  Shokan  Station,  Ulster  coooty, 

looking  west 164 

LXXXV.    Catakill  Hounteioa  and  the  Hadson  Biver  Valley;  Belief 

Map  of  the  Eastern 164 

XCIT.    Comlferoos  Limestone,  Glacial  Scratches  on  the;   Cbeek- 

towaga,  Erie  county 176 

CXL  ComiferoDS  Limestoue ;  Boad  Metal  and  Paving  Block 
Qoarry  of  the  Barber  Asphalt  Co.  Near  Hnmboldt  Park- 
way, Buffalo,  Erie  county 206 

Triasslc. 

LXXXVI.    Triassic  Conglomerate,  Stony  Point,  Bockland  county 178 

LXXXTn.    PalisadcB  of  the  Hudsoa  Kiver,  from  Port  Lee,  N.  J.    View 

Northward  Along  the , 172 

LXXXVm,     PallBades  of  the  Hadson,  The ;  View  Northward  from  Engle- 

wood  Clif&,  M.  J 172 

LXXXIX.    Triaasio  Diabase  Espoaed  in  a  Out  for  the  Orange  Moontaln 

Cable  Road,  Orange,  N.  J 172 
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XC.    Triuaio  Sandstone,  ConUct  ot  Trap  and  UoderljiDg;  aouth 
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Haw 172 
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Triraer's  Falta,  Mm* 172 
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IV.    Triaiuie  Diabase  Overlying  Sandstone  wbieh  is  Concealed  by 
the  Talus.    Palisades  of  the  Hudson  Birer,  seen  IVoni 

HsatiDgs,  WesCohester  ooaiitj 124 

XXVIII.  Palisades  (Triassio)  in  the  Baokgronnd;  View  of  loirood, 
Manhattan  Island.  Plain  of  Calciferoos  Trenton  Linie- 
stune.    Hills  right  and  left  of  Hudson  River  Schist 146 


Quaternary. 

XCIV.    Glscial  Scratches  on  the  Corniferous  Limestone,   Cheek- 

towaga,  Erie  county 176 

XCV.    Qaaternary  Delta  Deposit  of  Croton  Bivec,  one  mile  south 

of  Croton  Landing,  Westchester  count; 176 

XCVI.    Quaternary  Eome  Deposit,  View  of ;  North  Albany 176 

XCVU.     QiiatemaiT    Sand    and   Gravel   Beds,    Section    of;     North 

Albany,  shown  in  last  illustration 176 

XCVIII.     QuBternary  Sand  Plain,  Valley  of  Erosion  in  the ;  near  Del- 
mar,  Albany  county 176 

XCIX.    Qnateraary  Drift  Hills  Southwest  of  Glens  Falls,  WatreD 

county.    Freneli  Mod n tain  in  the  Distance,  Lake  in 176 

C.  Qaaleroary  Plain  at  the  foot  of  the  Helderberg  £Bcar]>- 
ment,   between    Raveua  and    South   Bethlehem,   Albany 

connty 176 

CI.  i^aatemary  Sands.  Crescent  shaped  Lake  formed  by  natnral 
diversion  of  Stream  into  a  new  Channel.  Valley  of  the 
Normanskill,  near  Albany,  Carved  by  the  Stream  Throngb 

a  Plain  of 176 

on.    Sand  Bare,  Lake  Erie,  month  of  EighUen  Mile  Creek,  Erie 

oonnty 17S 

cm.    Qlaeial  Boulders  Washed  from  Moraine,  Stony  Point,  near 

West  Seneca,  Erie  connty.    Shore  of  Lake  Brie 176 

CIV.    Foot  of  the  Selkirk  Glacier,  British  Columbia,  Showing  the 

Formation  of  a  Moraine  Deposit 176 

XXIIL    Glaciated  Snrface  of  Potsdam  Conglomerate,  Moeherville, 

Saratoga  connty Hi 
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Economic. 

CV.    Pr«oambriBn,  Qranite  Qnairy,  Sonnd  lalftncl,  nou  PMksldTl, 

WeatchMter  county 183 

CVI.    Potfldam  SandstODA,  Clarkaon'a  Qqattt,  three  mUea  sonth  of 

Potsdam,' St.  IiAiTrence  coniity ■ 188 

XVIII.     Potadftm   SaudBtoue,   Quarr;  of   Merritt  A  Tappkn,   three 

uileBaoDlh  of  Potsduii,  8t.  Lawrenoe  eoonty Hi 

CV[I.    Caloiterona-Trenton   Limestone,    MetMnorphowd ;     Marble 

Quarry,  Tuokahoe,  Weatcheeter  eonoty 198 

CVIII.    PreoambriaD,  Interior  of  Nortbera  Ifew  York  Uarble  Co. 'a 

Qaarry,  near  OoDvemeiir,  St.  Lavrenee  oonnty 198 
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XXIX.     CaloiteroDH-TieDton    Idtneatone,    Uetamorpboaed ;     Marble 
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ex.    Lower  HelderbergLimeatonerQaarry  in;  South  Bethlehem , 

Albany  county 206 
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CXIV.     Trenton  Liuiaatone,  Qnarry  in;  Saratoga  oouuty,  sontb  bank 
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date.    pi.  O.     Albany  1848— date. 

ATcn^i«.paR«a  year,    rrici /«■  ail Htw  iHfrinI,  jo  ci-Ua  m/kbm  in  fafir;  nttntt 

Museum  bulletins.  University  of  the  Sute  of  New  York.  State 
museum  bulletin,  v.  1-5,  O.  Albany  1887  —  date.  Price  to 
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Tolome  1.     «»>.    Prici%tlntlHli. 
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March  1888.     Out  of  print. 

4  Nason,  F:  L.     Some  New  York  minerals  and  their  localities.     19P. 

1  pi.     Aug.  1888.     Bice  s  cents. 

5  Lintner,  J.  A.  White  grub  of  the  May  beetle.  3ip.  il.  Nov. 
1888,     Price  ro  cents 

6  LintncCjJ.  A,     Cut-worms.    36p.  il.     Nov.  1888.    Price  10  cents, 

Tvlams  a.     4nia.     Priti  \r  in  clttk . 

1  Smock,  J :  C.  First  report  on  the  iron  mines  and  iron  ore  districts 
in  the  state  of  New  York.  s+7op.  map58x6ocm.  June  1889. 
Price  10  cents. 

8  Peck.  C:H.  Boleti  of  the  United  States.  96p.  Sep.  1889.  Price 
20  cents. 

9  Marshall,  W :  B.  Beaks  of  unionidae  inhabiting  the  vicinity  of 
Albany,  N.  Y-     23P.   1  pL     Aug.  1890.     Price  10  cents. 

10  Smock,  J:  C.  Building  stone  id  New  York.  siop.  map  58  x  60 
cm,  tab,     Sep.  1890.     Bice  40  cents. 

11  Merrill,  F:  J.  H.     Salt  and  gypsum  industries  in  New  York.    Qip. 

2  maps  38x58,  61x66  cm,  11  tab.    12  pi.     April  1893.     fyice 
40  cents. 

12  Merrill,  Fi  J.  H.  &  Ries,  H.  Brick  and  pottery  clays  of  New 
York  state.  i67p.  1  map  59x67  cm.  a  pi.  March  1895.  Bic* 
30  cents. 

13  Lintner,  J.  A.  Some  destructive  insects  of  New  York  state;  San 
Jos^, scale.     52  p.    7  pi.     April  1895.     Bice  t^  cents. 

14  Kemp,  J.  F.  Geology  of  Moriah  and  Essex  tuwnsHiis,  Essex  co, 
N.  Y.,  with  notes  on  the  iron  mines,  38P,  2  maps  30x33,  38x44 
cm.     7  pi,      Sep.  1895,     Bice  10  cents. 

15  Merrill,  F:  J.  H  Mineral  ri-sources  of  New  York.  a24p.  2  maps 
22X35,  s8x65cm.     Feb.  i8g6.     Bice  ^o  cents. 

16  Beauchamp,  W:  M.  Aboriginal  chipped  stone  implements  of  New 
York.     86p.  23  pi.     Oct.  1897.     Bice  25  cents. 

17  Merrill,  F :  J.  H,  Road  materials  ami  road  building  in  New  York. 
48p.  2  maps  34x44,  68x92  cm.  14  pi,      Oct.  1897.     Bice  15  cents. 

18  Beauchamp,  W:  M.  Polished  stone  articles  used  by  the  New  York 
aborigines.     io4p  35  pi.     Feb.  1898.     Price  25  cents 

19  Mernll,  F:  J.  H.  Guide  to  the  study  of  the  ge6loi;ical  collections 
of  the  New  York  stale  museum.  is6p.  119  pi.  i  map.  Nov.  1898. 
Price  40  cents. 

20  Felt,  E.  P.     Elm-leaf  beetle.    45P.  5  pi.    July  1898.    Price  $cents. 
31     Kemp,  J.  F.    Geology  of  the  Lake  Plarid  region.      »4p.     i  map 

31x86  cm.  I  p!.     Sep.  1 898.     Bice  $  cents. 
22     Beauchamp,  W :   M.     Earihenware  uf  the  New  York  aborigines. 
78p.  33  pi.     Oct.  1898.    Bice  25  cents. 


University  ef_  the  State  of  New   York 


Economic  map.  Mrrrill,  F:  J.  H.  Economic  map  of  the  state  of 
New  York.  59  x67  cm.  1894.  Priie,  unmounted  ^s^  cenU,  backed 
enmuslin  75  cents,  mounted  on  roUePs  75  cents.  ^ 

Sole  14  mlt«  to  I  Inch. 

Mu$eum  memoirs.  University  of  the  State  of  New  York  Memoirs 
of  tlie  New  Voik  stale  museum,     v.  r,  Q.     Albany  1589.' 

Unifarm  with  the  piltonioloRy. 

I  Beecher,  C:  £.,  &  Clarke,  J;  M.  Development  of  some  Silurian 
brachiupoda.     9sp  8  pi.     Oct.  1889.     I^ce  80  cents. 

Natural  history.  New  York  state.  Natural  histoiy  of  New  YorV. 
30  V.  il.  jjI.  maps,  Q.     Albany  1842-94. 

Division,  i-j  out  of  print. 

Division  i  De  Kay,  J.  E.     Zoology,     j  v.  pi.     1842-44. 
"         2  Torrey,  John.     Botany.     2  v,     1843, 
"         3  Beck,  L.  C,     Mineralogy.     24+536P.  il.  pi,     1842. 
"        4  Mather,  W:  W, ;    Emmons,  Ebenezer;  Vanuxem,  Lardner; 
and   Hall,  James.     Geology.     4  v.  pL     maps.     1842-43. 
"         5  Emmons,  Ebeneeer.     Agriculture.     5  v.  il.  maps.     1846-54. 

Division    6    Paleontology.      Hall,   James,      Paleontology  of  New 

York.     il.pl.sq.Q.     Albany  1847  —  date.     Bound  in  cloth. 
V.  I  Organic  remains  of  the  lower  division  of  the  New  York  system, 

23+338P.     99  P'-     '^47-     Out  of  print. 
V.  2  Or>;anic  rem^nns  of  the  lower  middle  division  of  the  New  York 

system.     8+362P.     104  pi.     1852.     Out  of  print. 
T.  3  Organic  remains  of  the  Lower  Helderbcrg  group  and  the  Oriskany 

sandstone,    pt  i,  text.     i2+532p.     1859,     /Wf^  [$3.50.] 

■ >—  ■ pt  2,  143  pi.     1861.     Price  $2.50. 

V.  4  Fossil  brachinpoda  of  the  Upper  Helderberg,  Hamilton,  Portage 

and  Chemung  groups.      ri  +  i+428p.     69  pi.     1867.     Price  $2.50. 
V.  s,  pt  1    Lnraellibranthiata  i.      Monnmyaria   of  the    Upper   Helder- 

berp,  Hamilton  and  Chemung  groups.     i8+268p.     45  pi.     1884, 
*    ■■  Price  $2.50. 

'• Lamellibranchiata  a.  Dimyaria  of  the  Upper  Helder- 
berg, Hamilton,  Portage  and  Chemung  groups,     62+293P.    51  pL 

1885.     /ViVf  $2.50. 

— pt  I      Gasteropoda,  pieropoda  and  cephalopoda  of  the  Upper 

Helderberg,  Hamiilon,  Portage  and  Chemung  groups.     3  v.     1879. 

,--   V.  I,  text,  15+492P.     V.  2,  120  pi.     /Wff  $2.5o/cr  2  T'. 

V.  6  Corals  and  bryozoa  of  the  Lower  and  Upper  Helderberg  and 
Hamilton  groups.     24+298P,  67  pi.     1887.     Price  $2.50. 

T.  7  Trilobiies  and  othir  rrustacea  of  the  Oriskany,  Upper  Helderberg, 
Hamiilon,  Portage,  Chemung  and  Catskill  groups.  64+236p. 
46  pi.  1888.  Cont.  supplement  to  v.  5,  pt  2.  Pteropoda, 
cephalopoda  and  annelida.     42p.   18  pi.     1888.     Price  $2.50. 

y.  8,  pt  I  Introduction  to  the  study  of  the  genera  of  the  paleozoic 
brachiopoda.     Price  $2.50. 

pt  2     Paleozoic  brachiopoda.     16+394P.    84  pi,     1894.    IHce 

$2.50. 
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Page  133,  line  14, 


Errata 

"Equisetffi"       should  read  "Equiseta." 


18, 


2,  i- "periods'" 


136, 

"    13, 

"Keeweenawau"    " 

"     "KeweenawaD." 

137, 

"    12, 

"Synopsis"             " 

"     "Synopsis  of  Palae- 
ozoic strata." 

136,    ■ 

"    40, 

"latter" 

"    "former." 

141, 

^'    17, 

"Keeweenaw" 

*'    "Keweenaw." 

142,    ' 

■'      3, 

"eqiiisetfe" 

"     "equiseta." 

140,    ' 

'      9, 

"maBsea"                 " 

"     "mass." 

142, 

"    32, 

"Dikelocephaliis"  " 

"     "Dikellocephalns." 

146, 

"    10, 

"OstriicoidB" 

"     "Ostraeods." 

151, 

■'    15, 

"f^wer  Silurian"  " 

"     "Upper  Silurian." 

151,    ' 

■'    24, 

'•Blue  Ridge" 

■'     "Blue  Monntain." 

158,    ' 

■'    10, 

"equisetie" 

"     "equiseta." 

163,    ■ 

■'    20, 

"Hamilton  group"" 

"     "Hamilton  stage." 

163,    ■ 

'    25, 

" 

"     "Hamilton  ebale." 

170,    ' 

■'    17, 

"eqaisetie"              " 

"     "eqniseta." 

200,    ' 

■    11, 

"may"                     " 

"     "many." 

229,    • 

'    11, 

"Coinmepciall" 

•'     "Commercially." 

238,    • 

'    12, 

"Qnart«marj'"        " 

"     "Quaternary." 
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